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Advertiſement. 


UR New Method of Chemiſtry being out of print, 
it was thought proper to give a freſh tranſlation of 
Dr. Boerhaave's Elementa Chemiz, rather than publiſh 
the former book again. Maſ of the notes made uſe of in 
our firft edition, are here preſerved; and ſeveral others 
are added, where they ſeemed to be neceſſary. An Ap- 
pendix alſo is added, to ſbew the way of carrying the Art 

fill farther. | 
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JAMES BOERHAAVE. 
ME conſtraint I am under of publiſhing, this work, has obliged 

me, in my old age, to review many of the labours of my 
youth: and in the courſe thereof, I 4 ſometimes been led 
to wonder, both at the number of the experiments I have made, and 
che great danger that attended them. In boch which, however, I had 
the pleaſure to find you my conſtant aſſociate. Vou have not forgot how 
many days and nights we have ſpent together in the chemical examina- 
tion of natural bodies; at the time when your chief view was to Medi- 
cine, and mine to Theology. 8 

Providence indeed has diſpoſed of us otherwiſe; and exchanging our 
views, conſigned you to the ſervice of _—_— and made me, whoſe 
talents were unequal to higher things, humbly contented with the pro- 
feſſion of phyſic. The preſent work therefore is with juſtice addreſs'd 
to you, who had fo conſiderable a ſhare in the accompliſhing of it. 
Accept it with the ſame diſpoſition wherewith it is offer'd; and let it 
ſtand as a public monument of fraternal affection. 

I have frequently thought my ſelf happy in having a brother of ſuch 


ſanctity and manners, as render'd him worthy to be a teacher of the ti- 


dings of falvation; and this both by doctrine and example; without 

vainly affecting any thing further. If I, too, have acted my ue in a 

manner which may give you any pleaſure in the reflection, I ſhall be 

doubly ſatisfied. Adieu Brother, and while you run over the enſuing 

Pages, remember what pleaſures we have formerly reap'd in theſe pur- 
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Little imagin'd that ever I ſhould 1 any thing in chemiſtry: 
1 there are already ſo many books extant on it, and ſeveral of them 
ſo well written, that I ſcarce bY wary for = either * better, 

or to produce any thing new u ubject. duty of m 
5 wig indeed, required W pigh annual lectures in 1 7 i 
I had no farther aim in this, than to teach the firſt rudiments, and ex- 
hibit a ſew examples of the art, to thoſe under my care, And to this 
end, the order wherein I ſted 8 and Mens openneſs and ſim- 
licity wherewith I deliver haps be of ſervice, In 
both theſe reſpects, indeed, my ens im. aan fil | ſeem'd wanting to raiſe 
chemiſtry, at length, into a rank with the other academical ſciences . 
This view 1 edulouſly purſued, accordingly z and having done thus 
much, thought my ſelf abundantly acquitted; and judged that nothing 
farther — be expected of me. But things have taken a different turn: 
and the ingratitude of ſome of my hearers, whoſe intereſt I was ever 
ſtudious to promote, together with the inſatiate avarice of certain book- 
ſellers, who aim at lucre by the moſt ſcandalous means; have render'd 
my profeſſorſhip of chemiſtry diſagreeable to me. In conjunction, theſe 
people, under a falſe pretence of the intereſt of learning, have taken an un- 
warrantable liberty both with me, and the public; and been audacious e- 
nough to publiſh In/titutiones & Experimenia Chemiæ + under m name, 
without my participation. I will not rehearſe the many falſe, ridiculous 
and abſur things t there attributed to me in every : a detail too 
nauſeous to entertain the reader with, Yet ſuch is the infelicity of the 


age, Gat zen Sature ones THO VET A EO 


\ Haven may opp r the reaſon of our tle; EO Rn ay. 
A new Method g for the author's -uſeful order, than had ever been done before. 
aim is not to 4 the matter, but only FF The title of the ſurreptitious edition. « 
the manner of the ſcience : that is, to dif A 2 


- 


3 
— auditors; a= 4 to my 

were daily e e my words, as I delivered them, with the 
thereof. Tired out with the inſult, I ſued for relief from the Ma- 
iſtrates ; and had obtained it, but that ſome, from whom I had 
eſerved better, and who-had promiſed me very different uſage, were 
leaſed to create delays, 'and even throw obſtacles in my way. A 
table inſtance how fond ſome perſons are of every opportunity 


of affronting Men of Letters! On theſe, and other motives, I relin- 


found new fatigues prepared for me : my friends began to re- 


quits F, of chemiſtry ; which I had no ſooner done, 
n 1 n 
preſent to me the neceſſity I was under, of publiſhing my Chemical 


Inſtitutions myſelf; to ſhew the method wherein I had taught the 


art, both in my public lectures and private. I objected to them, that 
the private courſe, being only calculated to acquaint beginners with 
the firſt elements of the hiſtory and method of chemiſtry, was unfit 
for the public; and likely to prove even diſguſtful to thoſe who are 
already proficients. They ful inſiſted, that the ſpurious edition had 
met with ſucceſs; was every where applauded, much call'd for, and 
fold dear; and, unleſs I prevented it, would quickly come to a new 
umpreſſion. This brought Petrarch to my mind, who bewails the un- 
happineſs of his age, upon finding himſelf ranked among the chief 
poets of it. With what confidence could I, conſcious of my own 
inſufficiency, and full of admiration of other authors, enter the liſt 
of writers in-chemiſtry ? At length, however, I undertook the diſ- 
guſtful work, which I now publiſh ; and which T openly declare was 
extorted from me, . 

Thro' the whole, my view has been to expreſs myſelf in the feweſt, 
as well as the cleareſt words poſſible; to which end J have ſtudiouſly 


avoided the uſe of technical terms peculiar to the art. That his is 


practicable, appears from the immortal works of the incomparable Agri- 
cola de Re Mirallica. de Foffilibus, & Subterraneis. I with, 1 in 
compiling mine, I had been indulged ſufficient time, to have imitated fo 
excellent an author! But, conſidering the manifold diſtractions I la- 
boured under, and the irkſomneſs of fo long a work, tis no wonder 
if words not purely Roman, have crept in. Sometimes alſo, I may 
ſeem to purſue little, matters too minutely; but this I did with deſign 


to inculcate caution upon the reader; and teach him to avoid the dan- 


rs which are here impending on all hands. I had my novices ſtill 

re my eyes; and was therefore obliged to point out all the roads 

of danger and miſchief. For the like reaſon, I uſually keep to ſingle 
L | | . ex- 
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The AUTHOR's ParraCE, 


experiments, and do not haſtily lay down general rules; that youth 
may hence learn to enter the laborious, but true path, which leads to 


the knowledge of phyſical truth. . Fr 

It being neceſſary to incorporate into the firſt part, ſeveral chemical 
lectures which I had delivered in public, at different times, and to con- 
firm them with new 8 e ſometimes be- 
trayed into a repetition of what | ore: and by ſuch 
means, with my own too numerous occupations, the book has ſwell'd 


to its preſent bulk. How often, in the courſe of the compoſure, have 


I envy'd thoſe happy writers who have leiſure to meaſure, digeſt and 
poliſh their writings ; while I am forced to pen my thoughts haſtily, 
amidſt a thouſand avocations, and often neceſſitated to leave things in 


a condition very different from what I would have done, could I have 


enjoy'd my wiſh'd retreat; eſpecially having it in view to purſue and 
corroborate ſome points by new Experiments. | 

As for the experiments contain'd in this book, they have been 
ſhewn in public ſome years ago: which I mention leſt any one ſhould 
ſuſpect them ſurreptitiouſly taken from other authors. 


Be pleaſed, reader, to accept what I here offer; pardon my thus 
loading thee ; impute my confidence in publiſhing to the earneſtneſs 
* the firſt r — that the ow. 

wing Catalogue, which I do not give without bluſhing, contains 
the books publiſhed by me. 
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uE n 
DESIGN. or THE, work. 
= . N Y Deſign is to nitats dents in tes F of dew Drfer: | 


ift: + nol to do this in the W ee I 
ſhall give a clear methodical explication of all that ic ect 5-4 
fary for underſtanding the beſt authors, and for g-the chief 
r that both and hand may 
come qualified for the effectual treatment of it (o. 57 
2, This, it muſt be ow1'd, is no eaſy thing tö do, in a ſence like p of 
Gbenltey; Which has been cultivated rather by experiments at random, 
than upon any regular principles; and by perſons uſually deſtitute of all " 
wr of learning, or knowledge in the liberal arts. The materials | 
have left us are only a confuſed heap of events and incidents, 
bah t down, juſt as the things themſelves ha to turn up: 
in which alſo many particulars are either peed, or very rem e 
related, merely becauſe familiarly known to though other- 
wiſe of the utmoſt importance, eſpecially to beginners, in oxder to their 
conceiving the true principles on w which other things depend. And what 
ſtill further inhances the difficulty, the profeſſors of this art, unquali- 
hed as they were, have often taken upon them to reaſon and diſpute, 
advance general rules, and enter into the cauſes of phænomena (5). 
3. Vet all theſe obſtacles may be ſurmounted, by making a olle hin of Feu 
1 


— 
F to his 


were con- 

ſtantly before Fm 3 

common method of writing, which we ap- 

Pa) A very arg par of cn ne J 
Abs, 0 iſtry 

„ as we find in the va- 


— ae aid the adj and 


4 
Diviſn of it. 


Hiſtorical 
Part. 


Theoretical 
part. - 


Chemical the- 
ery what. 


Defign of the Work. 
unqualified : whence it is with the more aſſurance that I 


enter 


parts ( 
4. 


upon the preſent courſe ; which will be diſtributed into hee 
firſt will rehearſe the origin, progreſs, cultivation, and for- 


tune of chemiſtry ; recite the primitive authors, according to the order 


* 


of time; briefly indicate f 
points; with 


the ſhare of merit and 


nt, or di ent, on certain 


ſects that aroſe from them, and the advantages, or 
which hence accrued to the art; ſtill aſſigning 
glory that is his due; and candidly beſtowing ap- 


to each 


plauſe on ſuch as have been moſt uſeful. And from hence may they, 


who have occaſion to 
tices, to guide their ſteps. 


fidelity (d). 


purſue this ſcience, be furniſhed with uſeful no- 
; My rule in compiling this part ſhall be the 
law. commonly preſcribed to hiſtorians, which enjoins the moſt rigid 


"©. The grand part will deliver certain theorems, or principles of che- 
E *. wherein all the phyſical truths, which have hitherto been diſ- 


covered by chemiſts, are 


comprized, Theſe are of a general 


nature, and will ſerve to explain certain previous operations; by means 
whereof, all thoſe in the art of chemiſtry are to be effected. For we 


allow of no other theory in chemiſtry 


except what is built on general 


laws; which muſt originally have been deduced from a multitude of 


common inconteſtable facts, always happening in the ſame, manner, ſo 
as to authorize the ing them into a general rule (e). Nor is it al- 


Limits of it. lowrable. to extend even ſuch rule, however true it may prove; but only 
6 ” a 0 | | to 


us medicine, 
© natural philoſophy, and the mechanic arts. 
To accompli | 
fully, we divide the whole into three 
« þiftorical, theoretical, and prafical.” - 
19 It ap 

form 


s from hence, that the author 
curious and uſeful hiſtory of the art: we ear- 
neſtly wiſh he had taken time to finiſh it ! 
The deſign of it is conciſely laid down in our 
former edition thus. We ſhall ſhew, from 
* the moſt ancient and authentic remains of 
« hiſtory, (1.) What the art originally was. 
« (2.) In what country, at what tune, and by 
« what perſons invented, cultivated, and im- 


this the more diſtinctly and 


a noble deſign of giving a moſt 


proved. (3.) How it „ and was 
* corrupted. (.] How, and by what han 

it was again purged and reftored : and, (5. 
% How, h various. ages, nations, 

© authors, it is at length tranſmitted to us.” 


(e) It is, pity the author had not formed a 


theory of chemiſtry by this rule: we 
fear the large part of the work, called by the 
name of theory, will be found a ſomewhat 
different thing, from what appears to be here 
_— lnitead of a theory of chemiſtry, 
in his. own ſenſe. of the word, he ſeems to 
have'given a large portion of natural and ex- 
perimental philoſophy, relating to the art ; 
with ſome general theorems inte ed. What 
ſeems to approach the neareſt of any part to 
the theory here propoſed, is the chapter of 
menſirunms; which contains many general 
truths, derived reſpectively from a number of 
chemical experiments, all confirming the ſame 
thing. But as for a juſt theory of chemiſtry, 
it ſeems to be hitherto wanting; at leaſt in 
that extent and fulneſs, which even our pre- 
ſent fund of experiments would allow of. See 


below 5. 7- 
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to apply it to ſingle caſes, where the ſame common reaſon is found to 

obtain. For certain bodies have iar powers, from whence effects 

ariſe, that do not come within the compaſs of any general theorem; 
but depend on a certain conſtitution, peculiar perhaps to ſome one 

body (). In forming ſuch theory, a direct uſe may indeed be made U/ / br, 
of * demonſtrations in phyſics, as particularly in mechanics, hydroſta- 2 ge 

XX tics, and hydraulics ; ſince the properties common to all bodies, and chef. 
XX what further affections certainly flow therefrom, have their pics in 

"XX chemiſtry. But one cannot be too reſerved in this uſe ; by reaſon that 

| thoſe ſingular properties found in ſome bodies, will, if applied to others, 

the mathematical demonſtrations, which might hold true every 

where elſe. Thus Galilæo has fully demonſtrated the law, wherein a 
heavy body let fall, from on high, deſcends in a ſpiral, or elliptical line, 

with a certain degree of acceleration, to a point of the earth, icular 

to the horizon of the point from whence it was at firſt let fall. But 

if a load-ſtone be thus let fall; and, in the courſe of its deſcent, enter \ 

the ſphere of activity of another load-ſtone, the demonſtration will not 

hold. So what Archimedes has ſhewn, concerning bodies equiponde- 

rant in water, holds infallibly true, if conſidered only in common caſes; 

but proves falſe in the inſtance of gold; which, though it ſink in 

other fluids, is ſuf and diſſolved in light agua regia. Due re- 

gard wy Pele is rule, the diſcoveries of naturaliſts and mathema- 
ticians will always be advantageous, never injurious to the art of che- 
ai 


| De Theory. e conſtituting the of chemiſtry. Now, 
For the ſake of illuſtration, we ſhall give * ſuch a theory is neceſſary to be premiſed to 
the nature and defign of a = £4 chemiſtry © every art; and ſomething equivalent here- 
from our former edition. Under the the- to is iſed by every artizan, in i 
e his diſciple how to proceed orderly in the 
« of 


truths, Which the particular experiments *© exerciſe of his art. And accordingly it 

of chemiſts have hitherto demonſtrated, © would be impoſſible to teach the p of 
<* Theſe are what we ſhall here affume; or take ** chemiſtry to advantage, without ſome ſuch 

** for granted; and the whole body of ſuck — theory. us it would be to 
© univerſal truths, makes what we call the little purpoſe to give a novice a parcel of 
"' theory of chemiſtry, For chemiſtry is no ſci- © , for inſtance, and bid him, with- 
** ence formed d priori ; tis no production of out any addition, diftil a water from it, 
„ the human mind, or raiſed by reaſoning ; © that ſhould contain the natural aromatic 
but collected 2 poſteriori, from experiments. *© taſte and odour of the plant; unleſs he knew 
© Tt took its riſe from various operations, ** before-hand this general truth, * That plants 
* caſually made, and obſerving thoſe that had * expoſed to a gentle heat, like that of the 
, one and the ſame uniform tendency, with- ** ſummer's ſun, cauſes them to exhale their 
* out any expectation of what followed; and more ſubtile volatile part; which part be- 
I. only reduced into an art by collecting ** ing collected and condenſed, by means of 
„ and comparing the effects of ſuch uncertain ** proper veſſels, 1 1 in the ſorm of water, 

* ——— and noting the tendency there - und is the thing is here required.” 

* So far then, as a number of experi- (g) Too much knowledge from all the ſci- 
I merits to eſtabliſh any unqueſtionable ences cannot be derived into any one, in order 

truth; ſo far they may be conſidered as a 
2 miſtry 


Practical 
part . 


gefting . 
_ proceſſes. 


Uſe of the 
fheory. 


Mitbed fd. end propoſed therein. 
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6. The third part will exhibit the Bra operations DTTC 7 
e . gg bly to the rules of the art, and to the 
ere I tha 


Il endeavour ſo to diſpoſe things, as 


that none of the uſual proceſſes, at leaſt of thoſe worth the knowing (5), 
may be omitted; and that thoſe be always placed firſt, which are ne- 
— for the performance of any ſubſequent ones (7). | 0 
7 wits eee wn in the preceding part will 
become uſeful, and contribute to the eaſier underſtanding of the ope- 
rations: ſo that between the two, the ſtudent will be ſufficiently in- 


miftry, which is a branch, or peculiar part of 
experimental philoſophy, requires all the aſ- 
ſiſtance, that can any way be procured, to 
improve it. But then, t care muſt be 
taken, leſt what was intended as a help, ſhould 
prove a hindragce ; as hath gently hap- 
pen'd, when men reaſon raſhly from one ſci- 
ence to another. And thus, in ſome reſpects, 
phyſic has hurt chemiſtry, and chemiſtry in- 


ured phyſic, through the unſkilfulneſs of 


ſuch as knew net how to reaſon right. Stu- 


dents therefore ſhould be carefully inſtructed 
in the art of reaſoning 22575 for the turbulent 


reaſoning of uncultiv minds, is a dange- 
rous thing to ſcience, and productive of er- 
There. . 
re ma a wo 
flea x Cop 2. occur in this per- 


formance. icularly the writers on me- 
tallurgy, and , Becher, Stahl, c. 
The Practice. 


U) Thirdly, we ſhall exhibit a courſe of 


operations producible in bodies, 
by attending to the laws, or axioms of the 
art. This we have been long conver- 
« ſant'in;. from the ws Po _ 
4 to go in a new method, y di 

1 in Jos bog bread by the 
4 wol celebrated chemilts of Europe in their 
* courſes, and lectures. * authors we 
« have been at the pai ing over; 
** and have Nell 
* rupt and diſorderly, as they are ſcanty and 
deſective: a tumultuary maſs of pharma- 
* ceutical proceſſes, without any certain de- 


* fign or coherence, is all they afford, The 


« proceſſes of chemiſtry, are, indeed, almoſt 
infinite; and it were im le to exhibit 
all that the chemiſts have hi invented, 
in the courſe of a man's life. 

« 2. The method we ue then, is to re- 
* duce all the moſt uſeful and inſtructive ones 
to certain claſſes ;' to in with the moſt 
* ſimple and eaſy of theſe ; and lay them 


„ down in ſuch a manner, as to ſerve for a 


* baſis to the next; and thoſe, in their turn, 
* to others ; till we arrive at the moſt difti- 


ſtructed, 
cult, and complicated by an eaſy 
and [gradual aſcent: the ſecond: operation 
being never required to the underſtanding ; 
of the firſt; nor the third to the ſecond; 
but the firſt always neceſſary to the ſecond, / 
and that again to the third : ſo that there 
will be no occaſion for ever 1 ing the. 
„ ſame operation. 'Two nr 
* conducted after this manner, will ſet all the 
++ fundamentals of the art to view ; and a few 
% canons, or al rules, ſubjoin'd to each 
% proceſs, will open the way for all the other 
% numberleſs proceſſes to Lr ye : ſo 
that whilſt the reader has only the marrow 
** of the art preſented him, he is really put- 
in poſſeſſion of the whole bulk thereof. 
** 3- In each proceſs our method ſhall be, 
* tr To-exhibit' the ſubject; (z.) To ex- 


6 plain the operation: (3.) To its ef- 
14 e 


&s on the object: and, (f.) To deliver 


the genuine virtues and . 
«« ties of each production, as we have hh: 
«« proved them by abundant i 


experience. And 
„ theſe we hope to deſcribe in the moſt ſe- 
«« vere and ſcrupulous manner ; far from any 


* taint of the wild flights, and extravagancies 


* uſual among the chemiſts. 


1 4. Tig certain, medicine has ſuffer'd e- 
is quarter z every. chemiſt - 


% tremely from this 
*« afhxing virtues to hi arations at ran- 
2 us: ſalts obran' 45 

: ts. a on ſome occaſions, been 
* Found of "ia. in tertians and quartans, 
immediately a febrifuge virtue is. aſlign'd 
** thereto ; and they muſt needs be admini- 


om the aſhes of- 


« ſter'd in all fevers indifferently ;, when per- 


„% haps in i fevers, they promote 
« the diſeaſe. | Indeed, the chemiſts ſhould 
« always be ſuſpeRted, when they boaſt of 
« general virtues in their preparations :, there 
« 1 nothing ſo. precarious, and ill-warranted- 


* as ſuch pretences 3 nor can a man ſoberly 


% ſay, there is any ſuch thing as one prepa- 
tion always effectual in any diſeaſe ; no uni- 
<< verſal febrifuge, for inſtance, againſt all ſe- 
“vers; nor we fear any general Ichontriptic, 

| 4 


ſtructed, both in ſpeculation and practi 
At the ſame time, each operation is con- 


of what belongs to this art. 
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ice, for the actual performance 


ſidered as an example of one of the ſingle caſes, from which the gene- 
ral theorem was firſt deduced (4), By which method the perfection of 
chemiſtry may be arrived at, without incumbring ourſelves, more than 


needs, in a 


uit, which of itſelf is ſufficiently tireſome, For want 


of this, the endleſs labours and proceſſes of chemiſts are of little mo- 


ment (/), and only ſerve to keep 
ing them a 


often left confiderab loſers (). 


(4) Here we have a clearer intimation of 
what the author means by a theory of chemi/- 
try, in the ſenſe above delivered“: for ſince 
every proceſs in the practical part of this work, 
is to be a ſingle inſtance, agreeing with all 
the reſt that can be found of the ſame kind; 
a 22 concluſion, or theorem, may be 
ſafely drawn from this ſingle inſtance ; as the 
proceſs itſelf will be at the ſame time as well 
—— as particular. But then care will 

— —5 on the ſide of the author, 102 
To ſelect always ſuch an inſtance as may ſuit 
ſeveral particulars ; and afford a juſt and to- 
lerably general conclufion, including neither 
too little nor too much : (2.) To draw no in- 
ferences from it, but what are warranted by 
the experiment; and cannot be falſified by 
any other inſtance, or obſervation : and, (3.) 
The reader alſo muſt be here as careful not 
to draw a too general concluſion, or extend 
the inſtance to particulars, which it may not 
ſuit. And if theſe cautions are well obſerved, 
a juſt theory of chemiſtry might thus indeed 
be formed, by drawing general concluſions, 
from a ſufficient number of well verified in- 


ſtances ; or from a fingle inſtance ſo far as 


it is general. Thus, for example, as the au- 


thor's firſt proceſs, performed upon roſemary, 
ee ini The ſmell and 


taſte of the plant, may be obtained from it 
by dry diſtillation, with a gentle heat ; and it 
being known by various trials, that, in 


dee above 5. 5. 


forrel, gentian, appl. 


5 them in a continual chace, without 
; whence inſtead of a reward at laſt, they are 


like manner, 2 water may be drawn from 
many other plants, containing their reſpective 
ſcents and it follows, that this expe- 
riment is general, or holds of all plants, a- 
greeing in the reſpect of affording ſuch a wa- 
ter by ſuch treatment ; but muſt not be ex- 
tended to all v les: for in many of them 
the does not hold true, as in carduus, 
es, 3 — „this 
ſingle experiment is, in ſome tolerable ee, 

- . And here the author's — hr, de- 

es to be admired and imitated ; as being 

no leſs uſeful than beautiful: for it greatly 
eaſes the labour both of the teacher, and the 
learner ; ſhortens the way to ſcience ; makes 
rticulars generals; and at once exhibits both 

e _— and practice of the art. 

( Til 8 to be digeſted, - verified, - 
brought to „and applied ; by the art of 
juſt reaſoning. 

(m) This method might well deſerve to be 
tried in other ſciences, will allow thereof; 
as in phyſic, for example, where we have 
numerous hiſtories of particular caſes, and 
books of ſingle obſervations, that afford but 
ſlender aſſiſtance in the knowledge and cure 
of diſtempers; whence, after a tedious courſe - 
of reading, the ſtudent may come but ill pre- 
pared to practice, and be obliged to find out 
rules and theorems for himſelf; without being 
much the wiſer for the ſcatter'd experience of : 


+ See proceſs I, II, Sc. upon vegetables. 
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in the antediluvian 
Panapolite (c), who 


H E name chemiſtry, written in Greek xnpia, or XM, che- Origin of the 
mia, or chemeia (a), is ſo ancient, as 


though known fo 1 


afterwards peruſed by Fo/. 
Scaliger and Olaus Borrichins, ſtill remain unpubliſhed in the King of France's 


library (d). In one of theſe, entitled, The inſtruction of 


(a) Allowing this to be the true orthogra- 
phy of the word, yet it might be pronounced 
in Greek, as if it was wrote chimia, chimiſtry ; 
becauſe both the letter y, and the dipthong 
67, are ſounded as ; by the modern Greeks, 
and perhaps were ſo by the ancient ®. But 
the 3 written, as well as va- 
riouſiy derived . 

(5) Men — re 
ing, as high as poſſible, the origin of the arts 
they favour ; but we can ſee no juſt reaſon 
for ſtraining the truth, or takin with dark 
and ul evidence, upon theſe occaſions : 
it being not ſo material to make an art ap- 
pear ancient, as to make it uſeful, in order 
ro procure 1t eſteem. The learned Olaus Bor- 
rieb7us, Whom: our author chiefly follows, has 
taken pains to trace the origin, progreſs, and 


* See Wiftein upon the promuntiation of the Greek 


, the Pa. 

* napolite 

fate of chemiftry ; but a ſanguine in 
the purſuit. He finds much chemiſtry in the 


ſacred writings, and the ancient poets ; takes 
ſpurious authors for genuine; and lays ſome- 


times a ſtreſs upon weak, or ſu autho- 
rities ; thus ain —__— of a ra- 
ther than that of a rigid enquirer 4. 


ve lived about the be- 
ginning of the fifth century ; and wrote, as 
is ſuppoſed, ſeveral treatiſes, which are pre- 
fwd in the King's library at Paris: but as 
they remain unpubliſhed, we can form no ſo- 
lid judgment of them ; only, if one might 
venture a conjecture, from the ſpecimen and 
account which Borrichius gives of them, they 

ſeem to be myſtical and enthuſiaſtic |. 
(4) Proofs drawn from the titles and 
ments of ancient manuſcripts are mely 
fallacious, 


(c) He ſeems to 


+ See. Petr. Lede, lit. 6. Comment ds Bibl. Ct. P. 151. & Du Cange Chf, tem- IT. 


ent1a. 


P. * in Voce ia. 

3 Þ See his pieces "Ds Ortu & Progreſſu Chemie ; & de Hermetis, Agyptiorum & Chemicorum 
a | | | 

See Borricb. de Hermet. Zgypt. Se. p. 40, 4% 56; Cc. 


ps to have been uſed ane chemi- 
e.(b). Of this opinion was Zofimns, the 7 

Greek writi 
as before the year 1550 to George Agricola, an 


De Hiſtory of CunMisTay, 


cc »alopite and Philoſopher, out of thoſe written to Theoſebera, in the eighth 
ce book of . [mouth 05 he ſays expreſſly, that the art called . 
firſt taught by demons to the daughters of men, in conſideration of certain 
favours. The paſſage is tranſcribed at large by Jeſ. Scaliger, in his notes on 
Euſebius (F), and Olaus Borrichius againſt Conringius (g); it runs thus (b): 
© The ſacred books, or writings, fay there are a kind of demons who en- 
% joy women. Hermes (i) in his phyſics teſtifies as much; and all our 
60 en both open and occult, confirms the account. What the ancient 
divine writings relate, is, that the angels, inflamed with the deſire of 
e women, inſtructed them in all the works and myſteries of nature (c). Now 
e our firſt moſt ancient tradition, called xs, is on theſe very arts: the 
© book they were contained in was called by the fame name; and hence the 


<« art itſelf was called xnwiz, chemia (/). 


fallacious, and good critics never depend upon 


them; becauſe the ancient copiſts made a 


trade of their art, and ſoldpurious copies un- 


der chunterfeit titles, and the forged names of 
eminent authors: whence thoſe numerous pieces 


of the ſuppoſed Hermes Triſmegiftus, &c *. 


'This is the rather mention'd htre, that it may 
be kept in mind, as we proceed in the. hiſtory 


ol chemiſtry; Where we ſhall often be con- 


| ſeveral books publiſhed under it; though all 


. cern'd with ancient manuſcripts, unpubliſhed 
writings, and ſuſpected authors. | 
01/485 Ser. Imouth is a ſup- 


be) x nog | : 
poſed e for chemiſtry ; ſee below 5 5, 
and 10, 16. and the writer is ſuppoſed, by 
learned Conringius, to be the moſt ancient one 
at preſent remaining Þ a» chemiſtry. See the 
catalogue of Greet writers, below F. 16. 
„ Fuſeb. Chron. 2 243, 258. 
7 ol. Berrich. de Ort. Cbem. p. 12. & 
a Conringium, p. 49. 
wrt We. jud * to omit the Greek 
tations, en diſturb the text of the au- 
= in this hiſtory. of 771 and inſtead 
to give an Exgliſb tranſlation of them. 
ole who pleaſe may conſult the originals, 
to which the references will be made. | 
__ (2) Who this Hermes was, ſeems not eaſy 
to diſcover : none of his genuine writings 
ving come down to us; and there havi 
everal perſons of the ſame name, 


of them that are extant appear to be ſpurious. 
Borrichins labours to prove, againſt Conrin- 
ius, that the firſt Hermes was an ancient E- 
gptian, an excellent phyſician and chemiſt, 


ge Le Clerc. Hift. de la Medecine, p. 12, 13. 
Cbamic. Sabient. in initio, & alibi pa 


+ See Borr. Hermet. Egypt. & 


+ 4-$ee Duet, Sic,” L. i. Cfd Bella Gall. L. 6. Jan lat de Myſter. 


| . C. II. L. 1. & Le Clerc. Hiſt. de la Med. p. 12, 13. 
Borricb. de Ort. & Progreſſ. Chem. p. 12. 
+# See Clem. Alexandr. Strom. 5. See allo below, the note on 5. 2. 


x. Strom. L. 6. 
4 $02 Merbef, 


2) 2, 
a great writer, and a bene factor to 
mankind . It appears pretty plain, that the 
Egyptians, and after them ſeveral other na» 
tions, ſuppoſed Hermes to be the inventor of 
all the arts and ſciences 7 ; that he wrote of 
ſome; and that, having a prodigious reputa- 
tion, many others were father'd upon him ||. 
(4) The Greek ge, as it ſtands in 

richius, is fuller than in the author ; and adds 
here, that, hence thoſe angels were ex- 
© cluded” heaven; the ye" they thus 
” imparted, being all evil and unproſita - 
40 e "wp 

. (1) Clemens Alexandrinus relates part of the 
ſame fable, but without mentioning chemiſtry; 
How the angels, whoſe lot was aflign'd them 
in heaven, falling into effeminacy, revealed 
** to women what ſecrets they knew; whilſt 
„others concealed, or rather reſerved them 
for the coming of the Lord, &c ++.” 

Fabulous Origin of the Art. 

1. The doctrine of demons here men- 
* tion'd by Zofimus, is alſo delivered by Plata, 
% Phils-F ud, and other philoſophers; who 
et them as endowed with a 
ting mind, and boundleſs knowledge ; not 
« confined to our ways of conceiving things 
< relatively, but fitted to perceive them as 
„they are in themſelves ; not incumbered 
* with a ſolid body, like us; but a penetra- 
ble one like air. Zenn, who adopts the 
*« doctrine with 6 fondneſs, obſerves 
« farther, that, de the intuitive know - 
« ledge of the demons, there was even in the 
«« antediluvian world, a kind of human ſciences 

Ny «« acquired 


with their 


« ſoul does the body. 


« Jition; and this myſterious knowled 


The Hiſtory of CHRUISTRxv. 
2. This ancient fiction took its riſe from a miſtaken interpre 


tation of the 


words of Moſes (m), ** That the ſons of God ſaw the daughters of men, that 
« *% were — and they took them wives of all which they choſe (n). From 
whence it was inferred, that the ſons of God were dæmons, conſiſting of a 


ſoul, and a viſible, but impalpab 


which notion we find ſeveral allufions in the evangeliſts (o ; 
 appear'd to men, converſed with them, fell in love with women, 


all thin 


le body, like the image in a looking-glaſs ; (to 


iſts (o) ) that they knew 


had intrigues with them, and revealed ſecrets (p). | From the ſame fable pro. 
bably aroſe that of the Sich (g), who is ſaid to have obtain'd of Apollo the 


« r'd only by reaſon and iments ; 
« adding, that they in whom the latter know- 
% ledge was alone found, were denominated 
the ſons of men; and the former the fons 
* God. The ſame notion of dæmons prevai 
„ among many to this day, under the name 
„of apparitions, or ſpirits, who roam about 
netrable matter, capable of 
«+ diſcovering themſelves to men ; and even of 
*« poſlefling them after the ſame manner as the 
f Many inſtances of the 
like belief might be given from the ancient 
Jews, and the earlieſt Chriſtians: to ſay no- 
thing of the current opinion of the Mabome- 
« tans, Arabs, and other Afiatics and Africans. 
„ Theſe dzmons too of the ancients were wy 


2 — ſubject to human paſſions; they ſaw t 


aughters of men, loved them, and courted 
them in marriage; and, as an equivalent for 
their virginity, offer d them a book contain - 
ing the Whole body of their ſcience. The 
„% dowry was accepted, and called divine tra- 
5 che- 
of theſe 
«us might bor- 
fable. 
* 2, This chema, or chemia, Zoftmuts will 
* have the ſame with the ancient cabala of 
* the Jews; which periſh'd with all their 
* antiquities, in the deſtruction of Jeruſalem, 
** excepting ſome — retriev'd from the 
common ruin, and . publiſhed in the Thal 
* mud. Theſe fragments are but few, and 
** beſides, intermix'd with much trumpery. 
But Zofimus reſiding in the Emperor's court, 
had an opportunity of peruſing many of the 
ancient monuments then extant in thoſe li- 
** braries, which have fince been plunder'd by 
the Saracens ; ſo that his account carries 
with it the greater authority. 

„ . From the whole it may be 

* that as Zeſmus deduces the name, the 


«© ma; ſometimes reve/ation; and b 
« the ſacred art. Philo FJ udaus is 

„% reveries ; and from him Zo 
% row half the incidents of 


* See Borrich. de Ortu Chem, p. 13. 
} See Borrich. de Ort. Chem: p. 12 wor 


gift 


« art chemia, from the angels, and ſuppoſes 
* both communicated. by them to their mi- 
© ſtreſſes ; both muſt be earlier than the flood: 
« fince the like N related by Moſes, 
are expreſily refer'd to the antediluvian 


(m) 2 thinks — ay that this 
piece o antry is ta rom the apocry- 
hal o—_ of Enoch, with ſome are pe 
tions; becauſe the perſonated Enoch in 3 
cellus, cited by Scaliger, in his Opus Euſebia- 
num, relates that ** theſe angels taught men 
to prepare poiſons and charms :”* and be- 
cauſe Tertullian, in his book de Calin Fami- 
% zarum, c. 10. ſays that the wicked an- 
« gels condemn'd of God, firſt diſcoyer'd thoſe 
* alluring things, gold, filver, the art of dy- 


Lene Sc. as Enoch 


70 TREE fied and affrighted, 
(o) © But they were terri I 
and fu led. that they had ſeen a Spirit.” 
—— my hands and my feet, that it is 
I myſelf; handle me and ſee, for a ſpirit 


* hath not fleſh and bones, as ye ſee me 


have 1.“ Again: And when the Diſci- 
10 — 75 walking on 2 were 
4 tro , ſaying it is a ſpirit; an 

«« cried out for fear . _ "x 


6 
the ſons of God, were the ſons of Seth and 
Tuba Cain ; and that being inſtructed by 
their parents in the myſteries of nature, but 
falling afterwards into unlawful love with the 
lewd daughters of Cain, they profan'd theſe 


ſecrets by an imprudent communication of 


them: for he thinks it not ſuitable to the 
nature of real angels, to have any ſuch 
N with women, as that here men- 
tion'd |. 

- (4) The fable fays, that Phebur fell in love 
with a beautiful nymph called Sibylla; but 
meeting with ſome repulſe, he offer'd to com- 


) Berrichin: apprebends thoſe here called 


1 Luke xiv. $7, 39: 1 Mate. xiv. 26. 


C 


« 


10 


 vour, 


of the name 
-+ 4m 


the name Chemia, as appears 
2 t, which has an exceeding 
the black of the eye, viz. Chemia (t).“ 


The Hiſtory of CRRMtsTRv. 
gift of prophecy, and revealing the will of heaven, in return for a like fa- 


So 


prone is the roving 


they call E 


mind of man to figments, which it can at 
firſt idly amuſe itſelf with, and at length fall down and worſhip (r). 

3. On the other hand, in ancient times the country 
from this pa 


of Egypt was called 
flage in Plutarch (3): ** Befides, 
black ſoil, by the fame name as 
It was alſo denominated Hermo- 


chemios (u); as we are aſſur d by Steph. Byzantinus (x). From the whole 
we may conclude that the name firſt obtain'd before the flood (y); continued 


in uſe in ſucceeding times; and then denoted, (1.) The knowledge 


with her own conditions ; when ſhe de- 
manded, as the price of her favour, extreme 
long life, and the Mes „divine arcanum, 
or heavenly wiſdom ; whence it is ſup- 
the name Sithlla was derived. This 


fable has ſome — — with that of 
Zofimas ; for here the ſon of a falls in love 
with 


a virgin, and reveals ial ſecrers to 
(+) This t reflection of the author 
upon the ſcrap of fabulous hiſtory above · pro- 
duced, which himſelf calls hut a fiftion, makes 
us the more wonder that he ſhould draw a 
ferious conclufion from it, as he does in the 
next paragraph, in order to render it proba- 
ble that the name chemiffry is of antediluvian 
date. Some have imagin'd that the hiſtory 
of this art was partly borrow'd from the 
Je. it idolatry ; the rabbinical writings be. 
ing full of the commerce between angels and 
women; but the effects thereof are repreſented 
us very fatal on both ſides. The unhappy 
ws occafion'd angels to be expell'd heaven, 
„according to theſe writers, man to be ex- 
ES p.364. C | 
tt 5 r 
(7) By which Plutarch may ſeem to inti- 
mate that the word chemia, in the Egyptian 
language, fignifed black or ſooty “. | 
(s) This ſeem to intimate, as if the 
Epytien Hermes was the inventor or — 
chemiſtry ; a point copiouſly proſecu 


Inſtead of black, ſome will have the word 
originally denote ſecret, or occult, and de- 
« rive it from the Hebrew chaman, or haman, 
<a ; whoſe radix is cham. And ac- 
« cordingly Plutarch obſerves, that Exyp/, in 
the ſame ſacred dialeR, is ſometimes wrote 
nin Greet Xaula, Chamia : whence the word 
« js eaſily 


« Neab, by whom Egypt was firſt peopled af- 


o See the note upon g. 4. below. 
t P/al. cv. "4; "thy F 


from Cham, eldeſt fon of (x) 


: 


— 


* relation to their 
% univerſe, otherwi 
« and inviſible, and was hereby called to ma- 


of the 


works 
ter the deluge, and from whom in the ſerip- 
*« ture-ſtyle, it is called the Land of Cham, 
« or — * that chaman, - 1 
* y fignifies ſecret, appears from 

= Fine Platarch, who 2 an ancient 
„author, named Manetbo Sebennita, who had 
aſſerted, that Ammon and Hammon were 
« uſed to denote the God of Egypt ; Plutarch 
6 uy oy occaſion to . that in the 
40 an lan any thi ecret or oc- 
„cult, was called b the — name Ham- 
. mon. Add, that Hecatiens Abderita notes 
«© Ammon to have been a common term of in- 
% vocation, w the Egyptians called one 
another when out of the way, or not to be 
«« found ; and hints, that it had no iar 
t god, which was the 
than as he was ſecret 


« nifeſt himſelf. Laſtly, the learned Bocbart, 


„ keeping to the fame ſenſe of the word, 


« chuſes to derive it from the Arabic chema, 
* of tema, to hide ; adding, that there is an 
Arabic book of ſecrets, called by the fame 
name em. What we gather from the whole, 
« is, that our art, chemiſtry, ſhould appear 
to have been originally thus denominated, 
« becauſe not fit to be divulged to the popu- 
ace: but treaſured up as a religious ſecret.” 
A reader, who can take delight in ancient ob- 
ſcurefables, and modern learned gloſſes thereon, 
might find ſcope enough in the preſent en- 

wry ; but inſtead of entring farther into the 

bje& at preſent, we ſhould rather refer to 
Borrichius, Conringius de Hermet. Medicin. 
Tollius de FVitulp Aureo, Hornius de Arca Noe, 


Lircber. Oedip. Aoypt. Ve de Anitg. Med. 


& O, Far. c. 14. Die . Phyfic. Vet. 
— BibBathec, 3 Ce in 
& Simia. Pocock Spec. Hiſt. Arab. Lettr. edif. 


& tur. pa//im. 
5 5. 10. 
(y) See the note above (-). 


+ See his Piece, de Hermer. ®gypt. Ec. dap 


The ' Hiftory of Cneuisvay. 
works of nature. (2.) A book containing the diſcovery of ſuch an art. And, 
(3.) That Hermes in his phyſics made mention of it (z). 

4. Further, the w if written x14, chema, imports 


as is intimated by Plutarch (b). There appears a nearer affinity between the 
two acceptations; at leaſt among the writers in hieroglyphics, with whom 
the black of the Eye imports ſomething hidden and precious: and the 
more if we conſider that the ſame Egypt is called in ſcripture, «© the land of 


in Arabic to Literal fieni- 
hide(s) ; and if chemia, any black object, for inſtance the black of the eye, feation of re. 


« Cham (c) ; and that the Egyptians in their language 


called God Aut, 


Ammon, which according to the teſtimony of Manetho Sebennita, ſignified 


ſomething occult, or hidden (4). 


It may be added, that to this day, the 


ſame country is called by the Copts, Cemi, as has been alſo obſerved by 


Bocbart (e). 


5. The word therefore appears to import as much ts hidden, myfterious, 


or ſecret ; and is either written chem, chemia, alchemia, alkumia, chema, Synonyma': of 


imouth, or pottice (f); ſometimes it is called the ſpagyric, and ſomes #- 
| C2 . er | tdtimes 


© (x) No greater ſtreſs ſhould be laid upon 
the concluſion than the 
In matters ſo remote, ſo mix'd with fable, 
and ſo imperfectly handed down, what cer- 
tainty can be had ? and where is the uſe of 
deriving either the name or knowledge of che- 
miſtry, from the earlieſt antiquity ? In mat- 
ters of this kind, it is of importance to let 
ſtudents ſee that even lea men. have their 
weakneſs ; whence they ſhould be upon their 
gue? againſt credulity and precarious evi- 
e author, in our former edition, 
ſays, © That after Zofimus, chemia became a 
common term among the Greet writers, in 
«* the ſenſe tis now uſed. And if we hear no- 
thing of it among the Romans, tis perhaps 
«« becauſe that after the tranſlation of the ſeat 
« of the empire to Conſtantinople, Greek be- 
coming the court-lan , ſcarce any thi 
„was wrote in Latin. were moſt of 
them divines who treated of this art, which 
was conceiv'd to have a more immediate 
relation to religion. And hence it is ſcarce 
ever mentions but in terms that imply ſuch 
relation; viz. of the ſacred art; of the 
7 u art. But in the ſeventh century, 
** when Ezrope was over- run with the Barba- 
Lan from the north, Latin and Greek 
* ſhar'd the common fate of learning; and 
© not only the art, but the very name of 
* chemia was t: and thus they re- 
„ main'd till the thirteenth century; when 
** Bacon and Ripley retriev d, and brought 
** them both on the ſtage again ; not as old 


Arc. Relat. des Indes, p. 375- 


iſes will ſupport. 


„ things, but taking them for a new doc- 


% trine.” - | : 
(a)] We cannot ſee the juſtneſs of this Arabic 
origin. Is it probable, that -»wwa ſhould be 
borrow'd from the Arabs, when the name was 
in uſe among the Greeks many ages before the 
Arabs cultivated chemiſtry, or any other art? 
Beſides, the Arabic root which the author aſ- 
ſigns is not written with a ch, but a fingle c, 
or A, cama; and the name of the art in the 
the ſame language ſtill differently, i/miya. It 
is in effect more probable the Arabs borrow'd 
the name from the Greeks, as Renaudot ima- 
gines ® or perhaps immediately from the 
opts, W 


ho called any thing that was black 


chemia ; and icularly gave the name to 
their country from the blackneſs of the ſoil: . 
and the Arab writers are ſo far from challenging 
the invention of chemiſtry to themſelves, 
that they frankly aſcribe it to the Egyptian 
(4) De , & Of. p. 364. C. 
le) 75 , CV. v. 23. 
( De I. & Of. p. 354. ne 
(e) It appears fomewhat odd to derive the 
name chemiſtry from an Arabick word, and 
et to ſuppoſe that name in uſe before the 
flood; as if the Arabs were a nation before 
the diſperſion ; and their language in uſe be- 
fore the building of Babe/: neither of whick 
the 4rabs themielves pretend to x. 
 (F) It ſeems to be called pozzice from its 
ſuppoſed creative power, or making one 
thing out of another; and this name was par- 
| ticularly 


+ See D Berbel. Bibl. Orient. Voc. $1414, p. $10. 
1 See Poceck Pref. ad Carm. Tag. & Spec, Hiſt, Arab. p. 38, 40. . a 
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Inventor of 
metallurgy. 


Di 
AEN 


Technical : In effect, 
nifcationy/it. ænowledge of natural things; tho from this chaſte acc 


EN. 


The Hiſory of CRU STAT. 
times the byſſopic art (g), on account of its ſeparating the pure from im- 


the firſt authors who uſed the word, it imported all 
tion it was after- 
wards injuriouſly perverted to another: a misfortune which has likewiſe be- 
fallen the word magic. And as metals conſtituted a large and diſtinguiſh'd 
part of theſe natural things, the word by this means came to be applied to 
metallurgy ; an art which appears to have been cultivated in the antedilu- 
vian days: for we find that Tubal-Cain, who was the Vulcan of the an- 
cients (), the ſon of Lamech by Zillab, and the eighth from Adam, was 
fo ſkilful in the preparation of braſs and iron, as to be able to make utenſils 


thereof. 


7. Yet 'tis known that copper-ore 
er agree 


fit it for vſe : Agricola and Er 


before it will become malleable (i). The pre 
man uſes, is attended with the like difficulties, and requires pro 
anduſtry and experience ; as the ſame ſkilful authors have ſhewn. 


ires the utmoſt labour and art to 
that it muſt be melted twelve times 
ion of iron to fit it for hu- 
portionable 
So tha 


the origin of the metallurgic branch of chemiſtry, appears as ancient as the 


word- chemia itſelf (c). 
ticularly applied to the making of gold and 
filver out of baſer materials: and ſo is the word 
chemiſtry itſelf in ſome Greet authors *. 

(g ) © Paracelfus, a ſtrange coiner of words, 
appears to have given it the name of % 


** ſopic art, from that paſſage in the p/a/ms, 
| 4 me with 2 I 


ſhall be clean,” 
only becauſe chemi ifies metals; the 
* imperfect ones whereof are called by ſome 
of the Adepts, leprous or foul.” Befides 
theſe names of the art , it alſo appears to 
have been called, (I.) The /acred art, divine 
tradition, revelation, heavenly wiſdom, or di- 
vine arcanum from its ſuppoſed manner of 


being communicated : (z.) The Egyprian or 
_ Hermitic art, from its ſuppoſed inventor Her- 


mes Tri 1 WR And more lately pyro- 
r 


techny, or the art of working by fire; in which 
ſenſe Helmont called dime philoſopher by 
fire, Perhaps it might be proper to give this 
art a new name, (as the old ones ſeem to have 
brought ſome diſcredit upon it). that ſhould 
be fignificative of its nature and uſe ,, for as 
it is a peculiar kind of experimental philoſo- 
phy, conſiſting in the treatment of all natu- 
ral bodies, ſo as to diſcover their more inter- 
nal relations to, or effects upon one another, 
their productions, powers, and phenomena ; 
and this under all poſſible degrees of fimpli- 
city or combination; by means of the inſtru- 
mental efficacy of fire, air, water, earth, men- 
ſtruums, &c. it might hence be called phy- 
fica indi viduorum, or phyſica corporum interior; 
the phyſics of concretes, or the internal phi- 


® See Conring. Hermet. Medic. e. 1 11. & Reine Var. Leg. L. 21. c. 5 · See Du Cange under 


the word guutia. '+ Sec above 5. 1. 


8. The 


loſophy of all the different bodies of our globe. 
For as mixed mathematics, or mechanics, 
conſider” the general, or more obvious pro- 
perties of matter ; ſuch as extenfion, figure, 
motion, gravity, elaſticity, &c. ſo this art 
tends to diſcover the peculiar, latent, or 
more internal relations of one body to an- 
other; and the operations, or effects of ſecret 
internal motions and powers, acting upon the 
minute parts of bodies; ſo as to produce ſepa- 
ration, mixture, or change. | | 

) It does not clearly appear that Tuba/- 
Cain and the firſt Vulcan were the ſame per- 


ſon ; but is rather contrary to the opinion of 


ſome, eſteem d the beſt writers on chrono- 


logy. Sir If. Newton makes it probable that 


Vulcan was the fame with Baal Caan; and 
that he lived, not before the deluge, but only 
about the time of David. And the making 
of Tubal-Cain, the eighth from Adam, to be 
the founder of Egypt, is, as far as we can ſee, 
carrying the antiquities of that country be- 
yond what either ſacred or prophane hiftory 
will warrant. 

(i) Some copper- ore ires to be melted 
fourteen or fifteen times, re it will be- 
come fine, and fit to 
at the- copper-works at —_— And it is 
2 — even the fourteenth — fif- 
teenth regu/us not appear very metallic 
ye mſn tho another Rien will bring it 
to copper. 

The fr Traces of Chemiſtry. 

We proceed in our enquiry to the 

| ” . place 


grain, like hail-ſhot, as 


q 
1 
I 
1 
1 1 
9 
4 
'S 
all 
? 


The Hiſtory of CHRMUISTRY. 


| 8. The country where this art was firſt cultivated to advantage, was that Place whers 


wherein the firſt man inhabited; as we gather from the hiſtory of Tubal- 


Cain (Y, compar'd with the fables and hiſtories of the ancient Vulcan, who 
rs to have been the ſame with that Patriarch (m) ; and is further con- 


ern by the origin of the word chemiſtry, as already explain'd (n). 


place where chemiſtry had its birth: a ſub- 
4 fam'd for a mighty controverſy be- 
« tween the learned Dane, Olaus Borrichius, 
© and that monſter of erudition Her. Conrin- 
** 2ius, which divided the chemiſts of E 

% into two factions. Conringius ſtrenuou 4 
« attack'd the antiquity of the art, whic 
« Borrichius as learnedly defended ; between 
the two however, ſeveral points were ad- 
*« mirably diſcuſs'd, which had otherwiſenever 


40 _— ; ſo- that the public was a 
« gainer the diſpute. Nor muſt Fofius 
- * and Bochart be forgot, from whom we have 
© receiv'd many curious things on the ſubject, 


« which ſhew a wonderful harmony between 


« the Moſaic and Egyptian annals. 

„% 2, The Babylonians and Egyptians were 
« in diſpute, for many ages, about the origin 
of the two nations ; each adyancing many 
« weighty arguments, in proof of their own 
« ſuperior antiquity. "Tis hard to determine 
any thing upon the matter, eſpecially at 
« this diſtance ; but thus much muſt be al- 
« lowed, that the god of the Babyhnians was 
% Horus, firſt king of Afjria, and inventor 
« of the art of medicine. 

3. Now Hora: ſignifies fire, and the ſun ; 
under the firſt of which denominations the 
*« ſame deity was worſhipped by the Babylo- 
giant, and under the ſecond by the Perfiars. 
* Whence we have a preſumption, that this 
«4 Horus was the ſame with Vulcan, or Tubal- 
* Cain ; in regard each is held the inventor 
** of fire: beſides that Tubal-Cain lived in Me- 
« ſopotamias, But this we only advance by 
way of conjecture. Indeed ſince that noble 
9 of books and manuſcripts, founded 
* by Calliſtbenes in Babylenia, in the time of 
Alexander the Great, were all deftroy'd, 
we may deſpair of ever having any further 
* light into the Babylenih affairs, from an 
** authentic monuments of hiſtory.” 

(1) * And Zillah ſhe alſo bare Tuba Cain, 

e 2n inſtructor of every artificer in braſs and 
iron . 

(=) Fog. Id. G. I. 65. * 

v iguity of the practice miſftry. 

(n) ** Before we —— 4 the * 
* and origin of the practice of chemiſtry, it 
may be proper, by the way, to note, in 
+ what view we take the art, becauſe the 


_ Genef. iy, .. 


9. From 


«« different relations or branches thereof, will 
* furniſh different zra's. 

«« Chemiſtry, as now conceiv'd, is a ſyſtem 
or aſſemblage of very different parts, which 
<< anciently ſubſiſted ſeparate, or at leaſt had 
* a ſubſiſtence prior to each other; as the pre- 
«« paring of metals for human uſes ; the tranſ- 
mutation of baſer metals into gold; the pre- 
paring of medicines, Ac. If now we go to 
trace the antiquity of chemiſtry, confider'd 
as it converts other metals into gold ; or, 
« as it prepares an univerſal remedy for ali 
«« diſeaſes, the reſearch will not carry us far 
« back: but as it relates to the diſco of 
metals in the mine, and the Giogiog, 2a 
rating. and purifying of the ſame, it chal- 
« lenges the higheſt antiquity. In this laſt 
*« ſenſe, therefore, it is that we at preſent 
«« purpoſe to ſearch into the origin and anti- 
«-quity of chemiſtry. K 

2. The art of metals is, no doubt, of 


% very early ſtanding. To find, procure, 


«* fuſe, refine, render malleable, apply 
metals to uſe, is all of antediluvian inven- 
tion; and was attributed by the ancients- 
* to their . Moſes, the eldeſt author ex- 
tant, in his of the patriarchs , 
relates, that Tuba. Cain, the eighth from 
Adam, was the inflrafor of every artifi- 
* cer in braſ and iron,” to prepare the in- 
** ftruments and utenfils of life. Now, tis ap- 
parent nothing of this could be effected” 
without the knowledge of metallurgy. 
** 3. This account of Moſes is ſarprizi 

** ſeconded by hane hiſtory fables : 
*© Diodorus Siculus, who lived in the time of 
« Cefar, when Epypt was become 'a Roman” 
province, had a fair opportunity of ſearch- 
by ng into the antiquities of the Egyptians 
a he relates, as the reſult of his enquiry, 
«a ancient tradition of one Hag O. 
„hom that people hold the firſt inventor of 
all the arts and operations about metals, 
and every thing that the 
fire ; together with their uſes ;* which art 
he deliver'd down to poſterity; ſo- far as- 
it might be of ſervice to mankind. This. 
Heat of the Egyptians and” Greeks is 


the ſame with the Roman Mulciber or 
© Vulcan, to whom the ſame art or invention 
is aſcribed ; and the Yulcan of the Latins, 
| 2p. * we 


I c 


LF 


metallargic 
chemiflry was 
Ar culti- 


vated. 
Afia. 


14 The Hiſtory of CunMroray, 
Tm Egypt. 9. From the place of its riſe it was propagated, like the other arts, into 
| Yps; where it was vigorouſly proſecuted. Moſes, who was {kill'd in all 


the learning of the Egyptians (o), was able to burn gold, fo as to reduce it 
to a powder, capable of mixi 
is one of the higheſt effects 

this day are unacquainted with (). 


10. Again, we find in Diodorus Siculus, that Vulcan the fon of Jupiter 
by Juno, and the firſt King of Egypt (r), was deify'd after his death for 


the diſcovery of fire ; or rather for having taught the application to the 
making of utenſils out of metals; as the ſame writer expreſsly notes in theſe 
words. Vulcan is ſaid to have been the inventor of the working of iron, 
„copper, gold, filver, and other bodies, capable of being wrought by fire. 
He further invented all the other uſes of fire; and tranſmitted thoſe arts to 
<<-artificers and all other men (g).“ Accordingly, Egypt itſelf, as we have 
obſerved, was in the ſacred diale& of that country called Xnwiza, Chemia (7) 
and Hermochemios (u); and alſo” Hephaſtia, or Vulcania (x) : Tho' indeed 
the great Scaliger maintains, that the art of chemiſtry was by the Egyptians 
called Imouth. And in the book entitled Minerva Mundi, tranſcribed 
Stobeus, we find Aſclepius ftiled the inventor. | 
| | | 11. Add, 


we ſuppoſe was the Tuba/-Cain of the I. . made, and burnt it in the fire, and ground 


with water, and fit to be drank (p) : which 
the art, and which the greateſt chemiſts at- 


4% brews. 


4. Now it appears from Homer, Heſiod, 
* 8 


the moſt ancient writers, 
* that Vulcan had the art of working braſs 
Fand iron; and that living 
« tna, he was employ'd in forging arms 
* for the and heroes. As Diodorus Si- 
© culus relates the tory, he was the ſon of 


1 L and Juno, and the firſt King of 
66 


n; and that he was afterwards preferr'd 
* to be a god, for having invented fre, and 
* ta men the uſe of it. The diſcovery 
** was occaſion'd thus, happening to ſee a 
tree on fire, kindled by lightning, he ap- 
* d nearer thereto; and perceiving a 
* jenſe of heat, and that the tree was ſenſibly 


* conſum'd, he caſt other wood on the blaze 


22 thus learnt that wood would maintain 


. It muſt be added, that the Egyptians, 
* as he ſame Diodorus obſerves, adored their 
« god F'alcan, as the inventor of the whole 
« art and application of metals; ſo that the 
* accounts of Moſes and Diodorus perfectly co- 
«* incide, and 
* almoſt with mankind. 

. 
6 of ptians, was mighty in 
< eb eat 


* 
And tcok the calf which they had 


* 47: viii. 22. 


See Cicer, de 


under mount 


ve the chemiſtry of metals | 


I Exod. xxxii. 20. 
See Stabl. 37 1 1 Vitul. Aur. p. 588606. 
. Deer. L. V. & Beorrich. de Ort. Chem. P. 62. 


* it to powder, and ſtrewed it upon the wa- 
ter, and made the children of 4 drink 
* of it f.“ © And I took your fin, the calf 
* which ye had made, and burnt it with fire, 
„and ſtam it, and ground it very ſmall, 
even until it was as ſmall as duſt; and I 
** caſt the duſt thereof into the brook that 
«« deſcended out of the mount 1. | 

7 The fact is here perhaps too ſtrongly re- 
preſented; no mention being made in the 
text of the der'd gold mixing with the 
water ; in which, if only powdered, it ſhould 
rather ſeem to ſubſide. 

Dr. Stahl ſeveral years ſince has ſhewn an 
eaſy method of diſſolving gold in water; by 
barely melting the gold with a ſuitable pro- 
portion of the liver of ſulphur, or brimſtone 
and pot-aſh, powdering the maſs, and throw- 
ing it into water |, And in another paſſage 

Borrichius, the thing is ſuppoſed known to 
the proficients in chemaſtry . 

(7) The beſt accounts, with more probabi · 
. _ only a pine of ſome 
I in t hipe lago, as Sicily, Cyprus, or 
Lemmos, tho' there pn to have been four. 
of the name ++. - 

(s) Died. Sic. L. 

Plutarch. If. / 505 C. 
1) Steph. Byzantin. in Voce Atyuarnes. 
(x) AV. ib. | 


t Deuteron. ix. 21. 
See de Ort. Chem. p. 47, 48. 
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The Hiſtory of CHZUIST Rv. 15 


4 | at Memphis, a city of Egypt, there were prieſts of Vul- 
* . 1 — 833 Are that (z), with veſtibles (a), and 
images (+) ; and his ſymbol there was a vulture (c), which is a bird of prey. 
Laſtly, according to Zeno (d), Jupiter was alſo called Hepbaiſtos, by exten · 
fon to artificial fire; which name is evidently derived from the Greet , 
to be kindled, or burn. The ſame is countenanced by that happy coiner of 


i Horace 
TO by e - aun graves Cyclopum 
Vulcanus ardens urit officinas (e). 


As alſo by the more ancient comic poet Plautus; Quo ambulas tu, qui Vul- 
canum in cornu concluſum geris (f). All which particulars conſpire to ſhew 
that the metallurgic part of chemiſtry was chiefly practiced among the Egys- 
tians ;, and that chemiſtry, taken in oy ſenſe, as wel as the name which 
denctes it, are of the earlieſt antiquity (g]. | 

12. Many ages after, the name chemiſtry began to be applied to another 
thing; viz. the art of making pure gold out of the baſer metals, by a true 
converſion, maturation, or at leaſt, ſome extraordinary ſecret kind of ſepa- 
ration; which art having been much cultivated, in more modern days, by 
the Arabs, was by them N — Alchemia, and ſometimes, by a little 
alteration, Acbimia (B). | 


2 


1 

Mn 44, call by a peculiar name; Arb. Add, 

; 2 1d. xi. 99. that when their authors ſpeak of chemiſtry 
(a) V. ib, 102. : in general, and the wonderful effect it pro- 


(5) 14. ib. 170. iii. 37. 
90 


FAIT 
) Whill ſcorching Velen heats 


duces, they always join the two names, li- 
mia wa fimia, i. e. kimia Y mia. 

| 8 Origin of op: 8 
„ e antiqui 

« miſtry, candle, 4 wah r o 


The Cyclop's loaded ſhop ®. td { egard to the art of 
(7) Where Leet thou with rler in thy metals ; it remains to conſider the ſame 
orn + ? « with rd to the making of gold, and. 


(8) It is evident that chemiſt \ fo far as 9 
208 only the ſe of purifyi 


ing the philoſopher's ſtone. 
ting and purifyin 
of metals, to fit them for —— ufes, yok 


 * 2, Now, chemiſtry taken in this light 
is uſually called alchemy, an Arabic word, 


have been ancient ; tho* we need not go fo far 
back for it as the fabulous ages, or the time 
of Hermes, ſuppoſed contemporary with Sa- 
turn, or with Jr and Offris, the moſt ancient 


King and of Exp t. 
(5) Alchemy is ſo far from being origintly 
Arabic, that it. does not appear the Arabs 


have any ſuch word at this day; if either 


Gelius || or 4 Herbelot o be of any authority; 
who both of them render what we call alche; 
my, in Arabic, by plain kimia or kimiya. 
Some have obſerved that among the people, 
chemiſtry, properly ſo called, is reſtrain'd to 
the treating of vegetable ſubjects ; and that 
it only takes its name by extenſion, in the 
Preparation of metals and minerals; which the 


Lib. I. Od.IV. 


2* Bibl. Oriont. p. 1005. 


* ſublime 


© form'd by prefixing the augmentative par- 
© ticle al, to it 2 
part of the art: as, of gebre is 
„ form'd 4 of kermes, aller men, &c. 


gut it muſt here be remember'd, that the 
*« word alchemy has a double acceptation,. 


reſpecting the two different things which it 
5 (1.) The ſecret of ing 
gold from any other metal. (z.) An uni- 
verſal medicine for the cure of all diſeaſes 


„which is a diſtinction of the utmoſt mo- 


„% ment, in an enquiry into the origin of al- 
*-chemy. 

« 3. Our firſt buſineſs then ſhall be to- 
« ſettle the zra of alchemy, as it propoſes 


„ the making of gold. This, Was; | 


T See Le Cle Bibliatbec. Univ, & Hij; toms. 3, : 


i. 185. a | 
| Lex. drab. p-1083, E 86. 


16 


. Cam 


'< who ſearch'd with unwearied pains 


The 'Hiftory of \Cnn\itirs'y. 


13 Saile who lived in the tenth century obſerves, that Diatlefiar, who 
reign'd in the twenty laſt years of the third century, ordered all the books 
E 


tians were forming 


„ miſtry, or the art of making 


of this art to be burnt, on account of ſome conſpiracies which the 
inſt the Roman ſtate. He ſays, that as to © Che- 
gold and filver ; Dioclgſian procured: the che- 


* 'mical books to be ſought out, and burnt; becauſe the Egyptians rebelled 
* 1 7. him.— He uſed them with great ſeverity and cruelty; ordering 
all the writings of the ancients concerning the chemiſtry of gold and filver 


i to be ſearch'd out, and burnt: that the Egyptians might not have a ſup- 


© ply of wealth from that art; nor from their wealth, a ſtock of confidence 


« lay, is not near ſo ancient as the art of me- 
« tals ; nor do we find any trace thereof be- 
fore the third century. The chemiſts in- 
** deed go higher, and will abate nothing of 
the age of Adam That patriarch, they 
„ ſay, was no ftranger to the art of making 
gold, which he taught his deſcendants ; 
* tho" it had the fortune to be loft at the 
** flood ; and was only reſtored by Moſes and 
* his ſiſter, from whom it has been handed 


*« down Without interruption thro' the ſuc- 


«« ceeding ages. But a matter of hiſtory is 
only to be demonſtrated from monuments 
« of hiſtory ; and the ancient hiſtorians, poets, 
Ec. are all perfectly ſilent as to any ſuch 
« thing. Neither Orpheus, Homer, nor He- 
fad, nor any of the Latin ſcholiaſts or 
ies, or their commentators, men- 
tion any thing of the matter. And what 
« would not the 2 have given for ſuch 
% a boundleſs field of fiction and fancy ? 
% Ariftotle, aſſiſted by Alexander the great, 
* maſter of all the antiquities of the Per ans, 
„ Chalde ans, Babylonians, Egyptians, Hebrews, 
« and Greeks ; this Ariffotle, who deſcribed 
* the properties of bodies, and all their phy- 
s fical changes, has not one word of the phi- 
* — 's ſtone: and can it then be thought 
- «« poſhble the Egyptians, the people of 4/ia 
Th ſhoul "naſe _ — ſuch 3 
* aftus was Ariſffotle's diſciple ; he writ 
of vegetables, ſtones metals, — foflils, of 
gold, filver, mercury, and all the minerals, 


and beſide his own ſtock of knowledge, was 


maſter of all the works of Ari/ork : yet be 
«takes no notice of tranſmutation. Pliny, 
that indefatigable naturaliſt, who compiled 
his work from ſo many thouſand volumes; 
into 
46 thin „ and out of the way; 
* 263 who 2 almoſt all the 
© monuments of art and nature within his 
2 — never mentions any thing like a 
% philoſopher's ſtone, which ſhould tranſmute 
„ metals, in all their ſubſtance, into 


in A the hiſtorians, we find nothing to 


| 


£6 and 


.* countenance this imaginary antiquity ; no- 


* thing that ſhews it to have been talk*d of 
even in Galen's time. For we bar the con- 
0 jeftures which the chemiſts uſe to advance 
on this occaſion ; as in truth they are no 
« better than chimera's. What, for inſtan 

can be more ſo than to find the doctrine 

„ making gold couched in the ſtory of the 
« Argonaxts, the books of Moſes and the re- 

«« yelation?” 

4 For the antiquity of alchemy, conſi- 
der d as it aims at an univerſal-remedy ;- or 
even at any remedy at all, it appears to be 
the lateſt branch of the art. Many are 
of opinion, tha all preparations of metals, 
and other matters, for medicinal uſes, were 
utterly unknown to the ancients ; and firſt in- 
troduced by Paracelfus. 

5. Borrichius, however, pleads ftrenuouſly 
for the antiquity of this branch ; and employs 


much learning and ſubtility to prove it ante- 


diluvian, and Hermes Triſmegifius the author. 
Now, the fate of every art is only to be ex- 
hibited from the genuine monuments of hi- 
ſtory ; and ſome author ſhould here be pro- 


duced to warrant this antiquity ; by — 
that the art was inve L 
ſuch or ſuch an age. 


J, or cultivated 


6. But Borrichins will have it ancient with- 


out any ſuch voucher : the chief ground he 


goes on, is a paſſage in St. Ferom, who 4 
an 


ing of Hermes, fays he was @ great , 
Bet is thi © proc of hls having 2 


making gold out of baſer metals, and of mak - 


ing a medicine by means thereof that ſhould 


cure all diſeaſes ? 
7. Hiſtory, in effect, affords no ground fo 
the opinion: Moſes, ſuppoſed the oldeſt writer 
extant, and thoſe who immediately ſucceeded 
him, are filent on the point ; and 2 Moſes was 
an adept in all the learning of the Egyptians, and 
relates the origin of all the arts from Adam 
to Noah; and had a fair opportunity for this, 
in treating of the /epra in Leviticus, had he 
known it. From Moſer to the Babylonih 
captivity, we have no hiſtorian : the firſt that 
1 appears, 


of Information ſhoul 


Ther Hit f CunuigTayt 


« and co to raiſe any more rebellions (i). And the fame author 
elſewhere ( goes much bigher, aſſerting in expreſs terms that “ the. 
golden fleece, which Jaſen and the Argonauts carried--oyer the Pantie ſen 
&« to Colchis, was only a book. wrote on ſkins, which taught the manner of 
% making gold by the chemical art.“ This, if he had given proper vouchers 
for it, would have carried back the antiquity of chemiftry thirteen cen- 
turies before Chriſt ; in which time the ſcience muſt have been both known, 
is d, and even written of; ſo as to prove the occaſion of the painful and 
zardous expedition, which the Argonauts embark'd in: but what dif- 
credits the relation is, that Moſes and the other ſacred writers, as alſo San- 
choniatho, Orpheus, Homer, Hefiod, Pindar, Herodotus, Thucydides, Hip- 
ocrates, Ariſtotle, Theophraſius, Diaſcorides, Galen and Pliny ſhould have 
| utterly ſilent on this head ; When the deſign and ſcope of their wri- 
tings, as well as the age wherein they lived, and the de they had 
indiſputably have led them to have made mention 
thereof. Nor have wWe any conviction to the contrary from thoſe paſſages 
of Pliny concerning malleable glaſs (I); or of Dion Caſſius (m) concerning the 
fame being rejected by Tiberius; nor another e of Pliny (u), relating to 
Caligula, who with 
ment; ſince theſe —— prove that ſuch operators were proficients 
in the Art of glaſs and aſſay ing (o). | 


reat difficulty procured a little fine gold out of orpi- 
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14. It muſt be owned however that Julius Maternus Firmicus ( P), who Antiquity . 
wrote in the beginning of the fourth century (q) ſpeaks of the ſcience of al- Sn s 


chemy as a thing well known in thoſe days it the text of this author may 


be 


1 


appears, is the Pharnician, Sanchoniatho, who 
was cotemporary with Zorobabel: to him we 
are indebted for what we know of the Phani- 
cian and Grecian antiquities ; but he has not 
a word of the philoſopher's-ſtone, or the grand 
medicine. Herodotus and Thucydides afford us 
no more light; and yet the former is very 
particular in enumerating the arts of the E 
tians. Nor does Dioſcorides, who travell'd 
thro' Chaldea, Perfia, Babylon, Egypt, 21 
Europe, and other countries, collected 
every thing relating to the art of phyſie,» 
mention any thing of an univerſal medicine. 
L tixs likewiſe, who collected his Tetrabiblos 
from all the writers then known, and from a 
thouſand now loſt, is filent in this icular; 
though be is 72 in re g all the 
A 1 the diſeaſes 2 wore being 
= of index, or inventory antiquity." 
Aſk Hippacrates, who, according to — 
account, paſſed thro all Egypt, Africa, and 
the coaſts of the Mediterrancan ſea, to make 
diſcoveries and improvements in his art ; and 
aſk Galen too, who was a no leſs laborious. 
enquirer, why they all took ſuch pains, by 
low imperceptible means to improve their art, 


4 


77 ofeph Scaliger takes this 'to be 


dee Le Clere Hiſt. de la Medecine, p. 770. 


when th had it in their power to cure all 
the dif of the human body by a fingle 
preparation, known to ſa many 


K dolible that Galen, Who publiſh'd an ac- 
count of all the ſects and writers among the 
phyſicians, ſhould be ſo inadvertent as to for- 
lar a body of enthufiaſtical quacks, 
then in being? A 
could n« 


ſo fin 


they 
an univerſal ri 


2. 


thoſe of Pliny being given with ſome ſort)of 
diffidence, or ſuſpicion of their truth, — 4 
cially as to the art of making glaſ⸗ 

7 above cited. Li's 


- 


che 


. 

Y 
I's 
* 


** 8 


Va 


ons? Is. 


reſs to the points ' here mention's x 


Greek clergy. 


18 


The Hiſtary of Curtis Tay. 


be allow'd for genuine Avant Gazexr, who lived at the'cloſe of the fith 


century, f. likewiſe of it in his Theophraſtus, or treatiſe of the immor- 
* tality of _ 


Feelfraftics 
2 


Gr % the 
chief, if not 
the 7 auri- 


ters, on al- 


chemy. 


. 


Greek manu- 


ots treat- 
— 


my. 


l, where he mentions it as a matter publickly known, and 


aſſerts that thoſe who are ſkilful can take ſilver and lead, and changing 


their former natures, convert them into the fineſt gold (r).” Anaſtaſius 
the Sinaite(s), half an age after, according to the computation of Yoſſias (t); 
or at leaſt after the middle of the ſeventh century, as Fabricius more ma- 
turely fixes his age (u), ſpeaks ſomewhat more expreſſly, and ſays, . For the 
« ſcripture, not deſiring, or teaching us to become refiners, lapidaries, 
„ or jewellers, ſays thus ( ).“ 8 | 

15. In the ſeventh century Georgius Syncellus writ profeſſedly on the art. 
He was ſucceeded by a multitude of authors in alchemy, whoſe manuſcript 
pieces are till found in the libraries of Rome, Venice and Paris, all written 
in the Greek language; but in a ſtile which ſhews the barbariſm of their age, 
and alſo that moſt of them were ecclefiaſticks by profeſſion, A catalogue 
of theſe, as given by Borrichius ()) and others, is here ſubjoined. 


ata. Cujus & tractatus de la- 16. (1) Syneſius ; whoſe treati 5 
1 Phitolopharum, eft in Bibliotheca zhe AY be hn ſtone is fe the w_ 50 
gduno-Batave Academie. & Leyden. 
Lurie ©1adroÞ©> eig NiEDνν Anuo- (2) Syneſius the philoſopher, on the 
fr Totus tractatus apud Fabric. book of Democritus, publiſhed entire in 
Bibl, Gr. Fabricius (2); 


Den- d plyac, 5 , d re- 
moans, ex rand wt FEgypti urbe. 
Libri xxiv. Ie ad Stec n. Cu- 


(3) Zoſimus the great, the divine, 
the Panapolite, of Panapolis, à city of 
wrote xxiv books of imouth, or 


chemiſtry, ts Theoſebia, entitled Zoſi- 
mus, ihe Panapolite, bis faithful de- 
ſeription of the ſacred and divine art 


jus titulus, Loi Tov Teva ToATou Ynoie 
yea, wiph Th lt, q Veins rev v 
Wies, m agyupiev u. & Zac 


Wig) 0pyanuy, Y nf. e making gold and filuer; alſo in- 
— . ftruments and furnaces. 3 
auff . (4) Olympiodorus, the Alexan- 

ou Heliodorus, on the mating of 


| 4 " Lawns 
„as apprehending that the learned au- 


) Biblioth. Patr. vol. 2. p. s 
E f ht ſee more in it than we do ; # y&p / 


dor monk of Mount Sinai, and probably 


patriarch of Antioch *. pve dh, xu Mihepy is, xai jars 

3 (#) Wa. Id. G. 1. JI. p 25. ET L ' 3 Ady dm: ide 7 afp, 
Nor. vol. ix. I v. P. v. p. 313. Behenbru, xa unde, x3 m e. 7 in 
Y) The Greet 2. 2 ca88 the word here wrote y py--5Govg, gold 


any reference, has its difficulties ; ſo that we 

doubt whether we have given the genuine 

ſenſe of it; and can by no means ive ei- 

ther the 'clearneſs or pertinency of it to the 
NN wiz. alchemy, or the art of ma - 

— z we therefore here give the original 

5 the [+ Cher Says. Mori, under rpg: ret | 

+ See Aa. Anageg. Contemp!. in Hexam, Lib. viii. Bibl. Patrum. Vol. is. p. 898, Di 


melters, were xv 8 
would be to the e 
5 De Hemi, Bee 
corum 1 8. 
r Gr, V. 


iorum & Chemi- 
ſeq. 3 


* 
* - 


b. 22. p. 222. Gr, & 


* 


= 1 y — "ME TI 
" . * 4 8 r n ** * 
Yau E 1 __ 
P as Y — * — ey — 
om W + p 


—_—_ Ae, ved iv ayig wo. 
= | 1 The eyiew Ns. | 
= | rid 0 gd. dhe ardged; ol 
1 | 0006495, wel rs ide, Heiag re rob 
xpurod runny. ujus & Manuſc. in 
Bibliotheca Academiæ Lugd. Batave: 
"NpOy. N , % 
2p tv Tepoids, 
"Eppuns ſeculo ſexto circumlitus, lau- 
datus a Zofimo, 
| AwnxovgOy 0 neos aun Tigard 
& u . 
 'Orams an Axis re * Mine 


pam hk 

_ *Enidix (Gp, vel che- a 
KH S, % dpxegeds, &- 

Sow T1 KAzomdTgav Tyv help * lepay 


Trxv*v v Ahe The PraorePiag, 


KAtowTarge 1 yo Ilreatla ie rod Ham- 
A. Eadem viel Fabpay g fu. 


l egouend x ippani. The xpvor- 
Toigcs 


"Ayalolaiuuy tis Toy Xpnoiyuev INT? 
ca, udn. 
ar ro PrnoosPu een. 


ee, o Gannbg, 
Ta Age uiledOy. 
Nei ia vii Tov hei Jdaro. 
Sei p ga pep wept hs 


; eee. PrnboeÞQy mag) Ths Veins 
Kaaudiar@y, 
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(6) John, the 'bigh-privft, in the 
boly city, concerning the holy art. 

(7) Stephen, tbe univerſal philoſo- 
Pber, of Alexandria, bis account of the 
holy and divine art of making gold : pre- 
ſerved in MS. in the library of Leyden. 

(8) 1 — bis chemical pieces. 

(9) Sophar, in Perſia. | 
(10) Hermes, extant in the fixth 
century, cited by Zoſimus. 

(11) Dioſcourus, prieſt of the great 
Serapis, in Alexandria. 

(12) Oftanes, of Egypt, toPetaſius, 
concerning the facred and divine art. 

(13) Moſes,” tbe PIER, © che- 
mical compoſition. | 

(14) yy the * ber, 

(15) Pelagius, . lo on 
the boly adorn 2 1 

(16) N 

(17) Epi ychius, ar E 

(18) Comarius the ebe 


big b. prieft, bis piece inſtructing Cleo- oy 


patra in the divine and holy art * 
Philoſopher*s ſtone. 
(19) Cleopatra, wife of king Pto- 


h y. The ſame, on weights and mea- 
ures. 


(20) Coſma the monk, bis interpre- 


tation of the art of making gold. 


(21) Agathodæmon, 51. collection 


and comment on the oracle of Orpheus. 
* Pappus be Tach. bis 


* 5 Heracleus, tbe ki ; 


(24) Salmana Arabus, bing. method. 

(25) Chriſtianus, on boly water. 

(26) Theophraſtus, tbe philoſopher, 
on the divine art. 


_ (27) Ard Archelaus, the philoſopher, os 


(28) Claudian, l 
(29) Sergius. 
(30) An anommous haute on 


- : 
13 


", 


% 
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NM. xaN vi „ 
s vixit ſub Conſtantino 
pag. 79. anno 1060, poſt 2 | 


| ove moPimic wh up N. 


wegen. 
'Ioacx Muc 1005 art 5 pe 


Peder dg. 


a) See Borrich, Hers. Abr, FIT IN 
b) The author's account of 
Greek chemiſts being ſomewhat jejune, as well 
as otherwiſe defective z we think it neceſſary 
to fabjoin's more full, and diſtinct votitia, or 
recital of them; the rather, as there is little 
likehhood of ever ſeeing them publiſh'd, how 
earneffly ſoever many have wiſhed for it. Les 
Anti, had a defign to —. te an edition 
of them ; but the — their text, the 
2 „ the.quaintneſs, and inaccuracy of 
bels, their continual allegories, their 
high- kirk Rown f gures and hyperboles, , wel 80 
near to —— any leſs — . T 
_ The principal copies are emperor 
library * Vienna, the king of France's at Pa- 
rin the Elizabeth library at Bręſlaau, and that 
of the duke of Szxe-Gorha : des ſeveral 


rden 
and the 
body of . 


The Vienna copy of this 


chemiſts, was written by Cert: Nauplierfs, ic, a 
native of the Morea, Tehding at Venice in the 


mw en 
- EPMH r, or Hermes; extant it Ms. 
the e of Bavaria's Bbrary at Menzel *. 


2. EPMOY” gvaxgi Cagat, or Herms phy- 


3. At Clear book of che- 
mical initiation. 
; in Greek 


— Latin, extant in 2 105 inthe Vienna dibrary, 
Cad. LI. III. n.8. 


— F in 
ud AT ak A 


The _— FE uuu,,jů& Nax. 


(3) Michael Pſellus, en the mak- 
ing of gold, He lived under Conſtan- 


ane Burr, is the yoo of rſh 


1 the propheteſa, in ber ſn 
2 2 to 
4 + 


(33) Blemmidas, bis chemical ork. 

(34) Nicephorus. 

(35) Democritus, i book to Leu- 
cippus. 

16) Democritus, bis phyfical and 
— writings. 

(37) Hierotheus, be philoſopher, 
concerning the loſopher's fone. 

(38) Iſaac the monk; bow to find 
the — of making _ 6 ). 


17. 

6.— Liber de arte .* extant 
in = in yy 1 library, being 
Sir Kenelm Di z and ind ers 2. 
Elizabeth 2 822 ny, 8 
kbrary at Breſlaw y). 

8. — — Tabula Smaragdina, few verba 
ſecretorum, ith other chemical pieces found in 


MS. in the Bodleyan library; and with the 
commentaries of Wilh. Chr. E ſmannus, in 
Manget's Bi a thymica ee Genev. | 


1702, fol. T. II. p.360. 
9. — A piece in Locate verſes, ext. 


in MS. in the Bodi an library, being 0 
rhe donation „Els Afhimote. © * 1 


10. Liber de com poſitione, tranſated from 
the Arabic, extant in the prefer argu flog 
IV. wvetuftif]. ſeripta. Francof: 1605, 8vo._ 

11. de /apidis philoſophici ſecreto tr. 
aureus; divided int vii chapters, and illuftrated 
ith ſcholia by an anonymous writer ;; extant in 
the fourth volume . of the "theatrum chymicum. 
Straſb. 1613. Fs Fi 627. and in Manget's 

Bibl. ch I p. 400. 
12. AraeogaT MON 6; Toy ene 2 
Eur ura UTo MPN, 1: 

mon's at +a ve — on the — * 
of Orpbeus, in Greek, extant in MS. in "the 
1 4 in that of Fabricius 

amburgh t 

13. 'AFA@OAAT'MONOE Y puoomrha, 1. e. 

athodemon's art of making gold,"extent in 

S. in the library. of the Eſcurial, and in that 
of = eleFor o ria at Munich. 

a fragment of chemiſtry, i» 


15. Greek and Latin, preſerved is the Vienna 


library, 


in the XXth century before hell. 


1 rn 


x * 
4 
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„Cod. LI and LII, n. 8. and in the 
library of Gotha. 2 n 
N copnns „ w/e 1. e. Is 
2 — to her ſon —2 MS. in 
the hing's —_— and in that of Fa- 


— % 
tings Hores (2). 
17. Lo & „ He, i. e. Sop 
is. A. at Munich in -the- eleforal 
library. | | 


18. MQ'EHE, 696615, e urls ovv- fri 


ati, i. e. Moſes; the prophet, on chemical 
compoſition (3). 

19. MQEE'NE Alien, i. e. Mens che- 
mical ſecret, entitled, duplication, Greet and 
Latin, extant in MS: in the Vienna {ibrary, 
Cod. LI. and LII. n. 26. and in Greek alone, 
in the royal library at Paris, and that of Fa- 
bricius at Hamburgh. 

20. MAPT'A ECR, i. e. Mary the He- 
; extant in MS. in the eleftoral library 


at Munich (4). 

21. Practica in artem chymicam, 
extant in M. in the Bodleyan library. 

22, — Practica lapidis philoſophici, 
extant in the collection of writers artis auriſtræ, 
Baſil. 159g. 8vo. vol. I. 5 

23. OE TA NB r., e, wege NE TA 
ZION S ne ted dum H Muay Thy ns, i. e. 
Oftanes the philoſopher's letter to Pelaſus on 
the ſacred and divine art (on the compoſition, 


uſe, and effect of the water of mercury) ex- 


tant in MS. Greek and Latin, in the Vienna i- 
brary, Cod. LI. and LII. n. 3. in the rœal li- 
brary at Paris, in that uf the eloctor of Bavaria 
at Munich, in that of Gotha, in the Ambro- 
fian library at Milan, in If. V offius's library, 
Cod. 147, in the Elizabeth library at Breſlaw, 
in that of Fabricius at Hamburgh (5). 
> Gor eral Axle — 4 
Net, I e A rng, i. 71 | 
in the hgh city, Bart) in Greek, 
extant in MS. in the library at Paris, in 
the eleforal bi at Manich, and in Fabri- 
cus's library at Hamburgh (6). 
25. AHMO'KPITOE,” Ac ens, gums $1- 
YoogO, wet eue 14 & * „ Al dy, 
fou gec, i e. Democrilus the Abderite, 


the natural philoſopher, on the tincture of gold 


and ſilver, and on ious ſtones and ; 
in Greek, extant in MS. in the library of the' 
Eſcurial, is the elector s library at Munich, a 
in the Elizabeth library at Breſlaw (7). | 


105 In the XVth century before Chriſt... 
5) In the Vth century before Chriſt. 
. 2 In the Vth centu 


: 
* 


{1) In the XIXth century before Chrik. (3) In che dere eFC. e 
(In the XVth Ts 
(6) In the Vth century before Chriſt. 


before Chriſt (8) In the Iſt age before Chriſt. by 
In the If. century before Chi? (ie) In GILT cemturyatier Qhrib+ „ 


26. AHMOKPT TOY, gvo11g V urine, i. e, 
Demoecritus's phyſical — n 3 
Greek and Latin, extant in the Vienna li- 
brary, Cod. LI. and LI. n. 4. in the library 
of ile Eſcurial, the royal library ar Paris, 
the library of Gotha, the Ambrofian library 


at Milan, and the Elizabeth library at Breſlaw. 
har in 


In Latin, with the commentaries 
4 Sineſius and Pelagius, tranſated the 

reek by Dominicus Pizimentius —To which 
are added nine centuries of memorable things ; 
nted at Cologn, 1572, 12mo : and with 
the ſebolia and commentaries Syneſius, Pela- 
gius, Stephanus Alexand. and Mich. Pſellus, 
at Padua, 1573. 8vo. 

27. KOMAPTOY, 91A0009% de8:9ias M 
*r Ty KAEOIA'TPAN Tv $460 224 le 
1 Ty A1 Wehle, 5. e. The work 

Comarius, the philoſopher and prieſt, teach- 
ing Cleopatra the divine and ſacred art of the 
philoſopher's ſtone ; in Greek, extant in MS. 


1 library at Patis, and in that of Fa- 


at Hamburgh (8). 

28. KAEOIA'TPA, 5 %% Tv ITRAE- 
MA1'OY, i. e. Cleopatra, wife of Ptolemy ; in 
Greek, extant in MS. in the elefor of Bava- 
ria's library at Munich (9). 7 * 

 — Gu, TOY KAEBOINA'TPAE Nn Are 
vt Fabugy, i. e. a chemical fra 
tra. concerning weights and meaſures ; 
Greek and Latin, extant in MS. in the Vienna. 
library Cod. LI. and LIl. n. 11. and in Greek. 
in the library of Gotha. 195 | 

29. Tis Ka ROA TAT at ahd. 
iger i ie roms . regs "0g 
— — Sew am 9 Aires; x) 82 Plap 4} 

Y paws vo un , i. e. Cleopatra's ä 
— of weights and meaſures, = 
ready finding any mina, pound, ounce, drachm, 
and ſcruple ; im Greek, extant in MS. in the 
ogy at Paris, and that of Fabricius at 

amburgh. | N eat 
30. ' KAEOTA'TPAE 2 — C- 
patra's Cbryſepœia, or art of making gold, con- 
fiſting almoſt wholly of znigmatical charac- 


ters ; in Greek and Latin, extant in MS. in 


the Vienna library Cod. LI. and LH. n. 14. 
and in Greek in the library Gotha. 
31. NIOPOT'PIOE, i. e. 


orphyry, in 
found in MS. in the — library at Mu. 


7 10 Ts. chjes MS. a nad 
92. *H '1AMBATXOY N fre, i.e: Fambli- 
babs poeſy, or art of making gold; is Greele,, 


727 


* 


gment of 
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Paris, and 


extant in MS. in the royal library at Paris, and 
i ther of Fulvicius as Han 9. 
34. HAloan bor, en, ve, OBO- 
AOZION» 7% 0 Camkias Toy "$1" 
Acon2ev (aur νs Ir Hg ig beitib on, i. e. 
Heliodorus the philoſopher's — poem to 
the Emperor Theodoſius the Great, on the my- 
ſic art of the — hers, conſiſting of 268 
verſes, in Greek and 12 extant in the li- 
brary at Vienna, Cod. LI. and LII. n. 29. in 
Greek alone, in the royal library at Paris, in 
thoſe of Wolfenbuttle, rn, the Ambroſian at 
Milan, and the Elizabeth /ibrary at Breſlaw. 
Beſides another MS. in Greek, conſiſting of 269 
werſes, extant in the royal library at Paris, and 
printed in” Fabricius Bibl. Gree, Vol. VI. 
p. 790. ſeq 
Bt O1AITITION, L, rs, Bagh Ty obs Tlig- 
ons „rn xanxs. . Capi 7% Ivd\rs er- 
i. e. Philip the Sidizgs tincture of Per- 
lan copper, and tincture of Indian iron, in 
Greek and Latin ; extant in the Vienna /i- 
2 „Cod. Ll. and LIL. n. 17. ad in Greek. 
library of Gotha +. 
728 "EITIBY XIOR. or EIIBH/X1OF, i. e. 
bychins,” or Epibechius, in Greek ; extant 
library of the voir of Baregin at Me 


37. zar ον Iavomaire, venue 
libri xxix ng 14 pos re BIAN 


foe 
ed SNapiy, i. e. Zofimus the Panopolite's Imouth, 
or xxiv books on the chemical art, to * ſiſter 


f = a RTF PWM 

a Nn W] OA N mores i. &. 

à genuine deſcription of the ſacred and divine 

art of makin and filver; extant in 

in MS. Deen 

and in that of Fabricius at Hamburgh. | 
39. ZOEI'MOY 5% Si mel dem 
lune, i. e. Zofimus, the divine, his 

concerning virtue and in tion ; extant 

is MS. in Greek and Latin, in the Vienna i- 

brary, Cod. LI. and LII. n. 7. I Greek, in 

the hing's library at Paris, in the library of 

Gotha, the Elizabeth library at Breſlaw, that 


Han . at Hamburgh, and the Ambro- 


— 7255 GE0'ANPON ͤ UN, 
1300 Chemical, chapters. 69 Theodorus, extant 
is Greek — 8 MS. in the in 4 
. u Cod. LI. and „ n, 132. 


is Fabricius . library at Hamburgh. 


41 mei 5 wv x Xa uivers Y mes 
Ts Sele, nel Jeroen th nag chemical inſtruments 
and furnaces, and of the divine water ; extant 


is Greek and Latin, MS. in the emperor's li- 
® In the TVih century after Chriſt, 


in the king's library at Paris, axd 2 


+ 9 


brary at Vienna, Cod. LI. and LII. n. 13. J. 
Greek, with the addition of figures in the yojal 
library at Paris, the Eli library at Breſ· 
law, and that of Fabricius at Hamburgh. 

42 . e N X autor, Yyrnore. 
UTuviuem, i.e. Genuine commentaries con- 
cerning chemical .inſtruments and furnaces ; 
extant in Greek and Latin, MS. in the Vienna 
library, Ced. Ll. and LIL, n. 1 

43. — Ne ee oor ions d 7wy 
i. e. On the virtue 0 the compoſition of wa- 
ters ; extant in Greek MS. in the king's li- 
brary at Paris, the Ambroſian at Milan, and 
that of Fabricius at Hamburgh. 
mel v Ac gu, i. e. On the 
os 3. extant in Greek MS. in the king's 
= r and in that of Fabricius at 

urg | 
145 — uv} BG, i. e. Myſtical 
; extant in Greek in the ſame libraries. 
Divers ſmall pieces ; in Greek 
in the ducal library at Gotha, the elector 
L library at Munich, and the Eliza- 
library at Breſlaw. 

47: KAAYAIANO'S,. i. e. Claudian : er- 

— Greek MS. at Munich in the eller”; 


48. 219 rx op ox. i lig 's TY an 80 Things 
lebe 7d © banda, i. e. Dioſcorus, prieſt 
2 vn ara 2 Alexandria; extant in 

S. in G in the elector of Bavaria": library 
at Munich. 7 

49: EYNEET'OY, 01200024» vet AIOEKO'- 
pod, 2 in, AMEE Fare 
Krrror, &s i csg, i.e. Synefius the phi- 
loſopher's epiſtle to „ prieſt of the 
great Serapis at Alexandria, ſerving as ſcholia 


on Demecritus's book (of natural and myſtical 


things) extant in MS. Greek and Latin in 
the ienna library, Cod. LI. and III. n. 5. 


and in the Wolfembuttle #4 in G 

in the elactor s fibrary at — the library 
at Gotha, the Elizabeth _ at Breſlaw, 
and the Ambrokian library 1t has 


_=_ been 1 "Fabricius in bis Bibl. 

C. 22. p. 233. with the . 
Latin of akon Phrimentins, which 
alone been printed before, together with 


Democritus, ar the end of Ant. Mizaldus's Me- 
morabilia. Cologn 1572. 12mo.—With De- 


mocritus, Pelagius, and Pſellus at Padua 1573. 
— her- 


8yo.—Azd with the Tumba 

— _F"* of a modern writer, Norim- 
17. gv. An » made 
in the library of Vienna, is pris nted 


* AN Bald tranſlation of Baſil 


er 8. g vo. 4 High- Dutch 

. alſo 8 publiſbea by Fred, Roth- 
1718, $vo. 

* 


A 


ede B16> ov AHMO-- 


iz 
4 

=— 

9 
4 

- 


0, — Treatiſe of the philoſopher's-ſtone, 

is MS. in the univerſity library at Leyden. 
51. NAA K MK , Imus dnt cd eigne 
l ach. that is, Jaac, the monk, on 
ing the inethod of filyer ; extant in MS. 
Greek and Latin, in the king's library at 
Paris. a 
2. *OAYMITIOAOPOY, e AneFa 
Seieg, gest ETA To i gent Apurr 
vag #1 M A © ZNET MOY Bow d 
*EPMOY" x wy $1A00590v now egnitive. that 
is, Olympiodorus the Alexandrian philoſopher's 
commentary, according to the operation of 
Zofemus, on thoſe things deliver'd by Hermes 
and other philoſophers concerning chry ſopœia, 
or the art of makin Id ; extant in MS. 
Greek and Latin, in the Vienna library, Cod. 
LI. and LIT. n. 23. is Greek, in the king's 
library at Paris, in the elefor of Bavaria's li- 
brary at Munich, the library of Gotha, the 
Elizabeth /ibrary at Breſlaw, and that of Fa- 
bricius at — 2 N 
53. ©EO®PA'ETOY, , Mel re Au- 


2 ee idupe., that is, 
Theophra 1s opher's iambic poem on 
the divine art, conſiſting of 269 verſes ; ex- 


tant in MS, Greek and Latin, in the Vienna 
fibrary, Cod. LI. and LII. n. 30 in Greek 
in the king's library at Paris, the elefor's li- 
at Munich, the Elizabeth N 
Breſlaw, the Ambrofian at Milan, and of 
Fabricius at Hamburgh. q 
54- "IEPO eO, -, Me Aide mov 
$12005pay, that is, Hierotheus the philoſopher, 
on the philoſopher's ſtone. 
5. "IEFOBE'OY mol Tis ite TH vury that 
is,  Hierotheus on the Yacred art, (0 making 
gold) written in proſe ; extant in MS. Gree 
and Latin, in the Vienna library, Cod. LI. 
and LII. n. 28. Is Greek, in the royal library 
at Paris, the library of Gotha, the Ambroſian 
2 2 and that of Fabricius at 


urga,  , 

6. "IEPOOE Or, ese, Twp) Tas aw]ng 
Yet Na leg M Net CU e LetyaC on, that 
is, Hierotheus the philoſopher's poem on the 
divine and facred art, conſiſting of 230 iambic 
verſes ; extant in M$. Greek and Latin, in 
the Vienna library, Cod. LI. and LII. n. 31. 
In Greek, in the king's library at Paris, in the 
library of Gotha, the Ambroſian library at 


Milan, the Elizabeth library at Breſlaw, and ims 


that of Fabricius ar Hamburgh. 
$7. — A like poem in Greet, con- 
fiſting of 64 verſes, extant in MS. in the king's 
library at Paris, and in that of Fabricius at 
Hamburg. | 
$8. APXEAA'OY, Nb el Ng a 
eas We Je Fly wv idpBor, chat is, Ar- 
<b«laus, the philoſopher, on the ſacred art, 
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compoſed in iambic verſes, 322 in number; 
extant in MS. Greek and Latin, in the Vienna 
library, Cod. LI. and LII. n. 32. I Greek, 
in the King s library at Paris, the Elizabeth li- 
brary at w, the library of the Eſcurial, 
the duke of Bavaria's library at Munich, and 
that of Fabricius at 0 
Aye eg e wucia; 

i. . —— 1 on 1 ; 


extant in MS. Greek, in the Elizabeth Ebrary 
at Breſlaw. | 

60. Aue mo © Tata, that is, An 
anonymous 


iloſopher on the making gold ; 
extant in MS. in the king's library S Pris, 
and that of Fabricius at Hamburgh, 

61. Au ,- Ae An ano- 
nymous writer on the art of whitening ; er- 
tant in MS. in Greek, in the Ambrokhan i- 
brary at Milan. . 

62. med dei d © The Atvuaw racy 
that is, on the divine whitening water, and o- 
ther parts of the art of making gold ; extant 
in MS. Greek and Latin in the Vienna library, 
Cod. LI. ard LII. n. 6. Þ Greek, in the 
king's library at Paris, the Elizabeth library 
at - W. and that of Fabricius at Ham- 


63. AA ra, that is, Plato; extant in 
MS. in Greek, in the library of the Eſcurial, 
and that of the elefor of Bavaria at Munich. 

64. TEAATIOY, pixoobeus mel Tis Slag 
eue u igpas Tixmme, that is, Pelagins,: 
the philoſophe?, on the divine-and 
extant in MS. Greek and Latin, in the Vienna 
library, Cod. LI. and LII. n. 2+ Greek, 
in the king's library at Paris, in the Bodleyan 
at , the eleftor of Bavaria“: library at 
Munich, the library of Gotha, the Elizabeth. 
library at Breſlaw, the Ambroſian /ibrary at 
— — and the library of Fabricius — 


* 
65. 'ETTENT'OY, % mig Treas Toy mics: 
that is, EY —— 
MS. in Greek, in the king's library at Paris, 
and in that of Fabricius at Hamburg h. 
66. Chemical ſecret, compoſes 
chiefly in chemical characters ;. extant in MS. 
Greek and Latin, in the Vienna &brary, Cod. 
LI. a LII. n. 17. and. in the 2.5 of 
Gotha. | 
67. Ko MA. kes. 


= 
a is Cofme the. 


hung The thay » t 
monk's explanation of th a of making gold ;. 
extant in MS. Greek and Latin, in the Line's 


library at Paris, and that of Fabricius at 
Hamburgh. | 

68. HAK ARTE 5 g,, that is, He- 
raclius the king ; extant in MS. in Greek, in 
the library of the Eſcurial, and in that of the 
elector of Bavaria at Munich. a 
4 114; 113778 vue 11X 2<t , 


ſacred art; 


23 


24 


re CHEMIRTAY. 
Tree 


i MS. Greek, dee of yy li- 
72. Munich. - 

70. Ts X N. 7 gur, 

is, an anonymous C n writer on the 
water, to Sergius; extant in MS. Greek 
and Latin, in the Vienna library, Cod. LI. 
and LIT. n. 10. in the king's library at Faris, 
and that of F abricius at Hamburgh, 

71. reg! i evPabeixc to Nęuod, that 
is, on the weighing af gold: extant in MC. 
Greek, in the king's lib: 4 at Paris, and that 
of Fabricius at aged 

72. Divers 4 cal, chapters er- 
tant in MS, Greek, in the Vienna library, 
Cod. LI. and LIL. n 16. 

Labyrinth. of Sehnen, on tem- 
pering iron, making cryſtal, and other ſecrets 
of nature ; extant in MS. Greek, in the Am- 

broſian /ibrary at Milan. | 

79. ETESA'NOT, AAefandplins, 01.28» 
pee PraoooPe, idee Th par dang 


2 ae rab ru t N "#purowubag 


pd ela, eee HPA KAETION e S- 
Af ; that is, Stephen of Alexandria, the uni- 


verſal philoſopher and maſter, his nine proceſſes 
—— and ſacred art of making gold 
and ſilver, addreſs d to the em Heraclius ; 
extant in MS, Hr 
library, Cod. LI. 4 LU. n. 1. and in the. 
library of Wolfembuttle . 

75.— i« Greek, in the king king" s g's library 
at Paris, the univerſity library of + fry 
Elizabeth library at Breſlaw, the nyo of 
Gotha, the Ambrofian /ibrary at Milan, and 
in that of Fabricius at Hambu 

76. In Latin, tranſlated by Domi- 
nicus Pizimentius ; publiſbed together with De- 
mocritus de arte magna, and the pieces of Sy- 
As, Pelagius, and Mich. Plelus on tbe fame 

fog. 1573. 8vo. 


4 — "A pes SEO AON, 
that is, an epiſtle to Theodore 3 extant in MS. 
Greek and Latin, in the Vienna /ibrary, Cod. 
LI. and LIL. n. rt. in the king's hi ary at 
Paris, be Elizabeth "library at Breflaw, the 
ABBIE Xe) and in that of Fabricius 


at Hambu 
A 27 GANOE © p, that is, 


* the philoſopher 3 extant in MS. 8 


Greek, in the electora / library at Munich. 
79- IA TITIOY Si 7% wWepl T7 
tepas ri ne, that is, Pappus the Ate 
s work on the ſacred art; extant in MS. 
and Latin, in the Vienna librevy, _. 


* In the VIIch century after Chriſt... - 
In the Xlth century after Chriſt, 


+ In.the VIIch century after Chriſt. 
2 In the XIIIch century after Chriſt. 


2E the Elizabeth 4&ibrary at Bre — j 


ary of 7 San and t at Fabricius at 
Hamburgh +. | 7 

"$0. APLSTOTE AZ, that is, lub. 
extant in MS. in Greek, in the library of 'the 
Eſcurial, and in that 75 e 
Munich. 

81. de perfecto magiſterio ; ade 
in Guil. Gratarolus's collectio ſecretorum al- 
chemie, edit. Bafl. 1561. fol. p. 188 and 
T. II. edit Bafil. 1572. 8% alſo in the thea- 
trum chemicum, Urſellis i602. and Argent. 
1613. $vo. Tom. III. p 56—118. and. in 
Manget's Bibliath. Chem. T. 1. p. 6 8. 

82. — Practica philoſophici lap is, pub+ 
lid among the opuſcula vet. philoſophorum de 
alchemia. Francof. i550. 4to.. alſo in the the- 
atrum chym. H 1622. 8vo. Tom. V. 


and in Manget': Biblioth. Chym. T. I. p. 6 
83. 8 42 in the Bod 


un librarv. 

5 MIXAH A FE AAOE reel Xpure- 
Toles, that is, Michael P/e/lnus on the agt of 
making gold and filyer, to Mich. 8 
2 of Conffantinaple; * in MS. 

reek, in the 2 library, bein Roy 
the donation of Mr. Selden ; 4% in be library 


4 the E ſcutial, and in that of the elefer of 


varia at Munich. Publifed alſo in Latin, 
tranſlated by Dominic. dir = togethe r 
with Democritus, Synefius, Pelagius, and Ste- 
hanus Alexandrinus de magna. & ſacra arte. 
Patav. 1573. 8vol.. a 
85. 17 aral % TavriDr YEAAOY 
dico Tpog Toy axidraro warf Toy 
ZIGSIATNON - cord, that is, 
the bleſſed and univerſally learned P/ellus, his 
> rg to the moſt holy patriarch X7pbilin, 
making of gold; extant in MS. i Grk, 
in the ling i library at Paris, 'n the 
Gotha, and that of Fabricius 3 
986. Moehedeg d 35 amoreheiran 1 Har. 


% XA, XETAOKEVAT YET, mad T's 
_TEXV*pyies dim Core 7% TAAMANA, 
that is, the method of preparing round hail, 
as performed by the famous operator — * 
extant in MS. in Greek, in the ki 
Paris, and in that of Fabricius N 
n NIKH@®O POT d s BAHMMH'AOYT, 


Tp) Tay Puouxiv , that is, Nicepborus 
| Blmmida of pal 


rinciples 1. 
88. BAHM MAAS we wwe! uc roi lac, 
that is, Blemmidas on chryſopeia, or pe 


» 4 -»6& " i 
mx e x —_— 
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17. Conc 


erning theſe Greek writers on alchemy ſee Andreas Libavins, 


thro' all his works, eſpecially againſt Guibert; Conringius de Med. Herm. (c); 
— de Ort. Chem. (d), and againſt Conringius (e); Fabricius Bibliotb. gr. 


paſſim, and the ca 


e of the library of the univerſity of Leyden (/). 
18. One cannot eafily forbear admiring to find that the excellent G. Agricola 


"WM was well acquainted with theſe authors. In the preface to his elaborate treatiſe 
die re metallica, which was finiſhed before the year 1550, and which is ſo ap- 
plauded by Eraſmus, he enumerates moſt of them, much in the order wherein 


they are above cited 


19. All theſe abovementioned authors, by chemiſtry only denote the art oy 
verting the more imperfect metals into pure gold; nor appear to have 


of con 


ever thought of any thing like an univerfal medicine for all diſeaſes of the hu- 


man body (>). 
art of making gold extant in MS. is Greek, 


in the rary at Paris. 

89g. —— ee Xn.euvriaey, that is, che- 
mical work ; in MS. in Greek, in the library 
of the Eſcurial, | | 


Theſe pieces . of Greek chemiſtry ſeem, by 
their antiquity and ſpecious titles, to have 
greatly propagated the notion and practice of 

c , or the ſearch after the philoſopher's 
ſtone ; but there are grounds to ſuſpect that 
they are chiefly fragments, and compoſed by 
monks and other men of letters, living at 
Athens, Alexandria, and Conflantinople, lon 
after the times of Chriſtianity ; then collect 
into a body, and brought into hay, Ee. 
probably by the reeks, after the ſiege 
of Conſtantinople. e collector is ſaid to 
have lived after the reign of Heraclius, and 
to have Mterpolated and alter'd his collection 
at pleaſure; fo that ſcarce any thing can be 
ther'd from it concerning the age or reli- 
ion of theſe authors, mee has given a 

cenſure of this body of Greek chemiſts 
in High-Dutch, which Fabricius gives us in 
Latin. Indeed, as Herodotus, Clemens A 
lexandrinus, and other ancient writers, when 
they ſpeak of the learning of the Egyptians, 
are ſilent as to the chemical art; and as Pi 
ſays not a word of it, we rather agree wi 
— and Reineſius, than with Borrichius, 
that a _——_— extant in this collection of 
Greek manuſcripts, under the names of Her- 
mes, Democritus, Ariftotle, &c. are at leaſt 

or to the times of Dioclefian and Theods- 
us. None of them are publiſh'd in the ori- 


Bibl. Gr. L. 6. c. 8. p. 748, Ce. 
+ See Theat. Chym. Turk. 75 


firſt book of Hermes, 
| See Agric. de Re 


Pref. e 


Denne 20. 
ginal Gree ; tho' ſeveral in Latin, and ſome 
in Englif tranſlations f. rb 

le) P. 21. ad 31. 

(4) P. 97- _ 

(e) P. 66. ad 95. | 

The author adds, in our former editiong 
% that the art ſeem'd now confin'd to the 
« Greeks, and among them few wrote but the 
religious; who, from their ſolitary way of 
life, were led into vain enth ical {j 
* culations, to the great diſſervice and adul. 
* teration of the art. The greater part of 
them are yet in manuſcript, and like to 
* continue ſo, till chemiſtry is more ſtudied, 
or the chemiſts know more Greek. 
are all wrote in the natural ſtyle of the 
* — full of jargon, flights, and ob- 

curity.“ 
(g Kvuwnxe ſcripfit Ofthanes, Hermes, 
G LA — ad fororem The- 
oſebiam, O lympiodorus item Alexandrinus, Aa- 
thodemon, Democritus, non Abderites ille, fed 
alius neſcio qui, Orus Chryſorichites, Pebi- 


chius, us, Fohannes 2 „Petaſius, 
Pelagius, Africanus, Theophilus, Syne — 
phanus ad Herachum Cæſarem, Heliedorns ad 
Theodofium, Geberus, Calides Rachaidibus, Ve- 
radianus, Rhodianus, Canides Merlinus, Rai- 
mundus Lullius, Arnoldus Villanovus, Auguſii- 
aus Pantheus Venetus ; famine tres, Cleopatra, 
Virgo Taphnutia, Maria Judaica ; hi omnes 
foluta oratione, unus Fohannes Aurelius Augu- 
rellus Ariminenfis verſu ſcrigſit || 
- (4) Vide Conrig. de Med. Herm. p. 15, 16. 
Improvers of 2 l 
The origin of chemiſtry thus lai . 


Philoſophor. Aur. Vell. &c. See alſo the philoſophic works of 
Hermes, Geber, Artephius, Flammel, Bacon, and Ripley, engliſt'd, with a comment on the 
W. Salmon, 8vo. 1692. | | ; | , 


E 


1 


griſcation 


— 
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The Hiftory of CunwisTay. 


Origin of che- | 20. But after the Arabs had begun to cultivate the art of chemiſtry hitherto 


mical phyſi 


8 
R 


Writers 4 
alchemy 
the Greeks. 


800. 


vun. Geber. 


ſpoke of, 


eurable of all diſeaſes. 


= 


viz, as including metallurgy 
hieroglyphical manner of writing, which obtained among 


and alchemy ; the metaphorical and 
them, ſeems to have 


given nie to a ice of calling the means or helps made uſe of for bringing 


metals to 
name of ſick men; and gold, by 


man. From whence the ignorant at len 
that theſe were to be underſtood in a li 


jon, by the name of medicines ; the imperfect 
that of a ſound, lively, healthy, durable 


metals, by the 


fell into the error of fu 


ſenſe ; eſpecially upon findi — 


impurities of the baſer metals, call'd by the name of leproſy, the moſt in- 


Hence, firſt, role an op 
ted far and wide, that the imperfect metals might be tranſmuted into 
and the bodies of ſick men into found ones, by one and the ſame che- 
ve the name of the pbilaſonber i tone, 


inion, which has ſince been 


mical preparation: to which they 
or the git axot z and calPd its poſſeſſors adepti. The opinion ſeem'd con- 


ments of extracting medicinal virtues from 
ſes had given the firſt inſtances of, but which 


venth century Avicenns (i) further illuſtrated, in a deſcription of the 
Arabian Fulab, or diſtilled roſe-water, and Meſue afterwards confirmed more 


at large. 


21, The chief among theſe Authors were the following; viz. (1) Geber, 


calld the Arab, but really a Greek by country 


„ according to Leo Africanus; 


ing firſt been a Chriſtian, but afterwards turn'd Mahometan. He liv'd in 


the ſeventh century, and writ in Arabic (#). His works were 


cced to relate the progreſs thereof; and who 
the principal authors were that contributed to 
its advancement, as well as thoſe who cor- 
rupted it: at the ſame time noting their ſe- 
veral writings, the beſt editions, and the or- 
UUU— — Adngad 
we judge it proper to diſtingui 
the chemiſt. ines akree clfies either as they 
treat of metals, of alchemy, or medicine. 


See bis treatiſe on the power of the 
heart. | 


* (4) Hccownt of Geber. pA 
1. © This author appears to have been the 
« firſt reformer and improver of che- 
** miſtry. His hiſtory is very obſcure : the 
name Geber fignifies a great man, and a 
« king ; whence he is commonly ſuppoſed to 
© have been a prince; and as he wrote in 
Arabic, a prince of Arabia. But neither 
« the perſon.” nor the time he lived in, is 
„known with any tolerable certainty. 

2, * He is ſuppoſed to have given the firſt 
* handle to an enquiry an univerſal 
medicine; there being ſome expreſſions in 
his book, which might eaſily enough lead an 
«au reader to think he was acquainted 
v therewith. As, Gold thus prepared cures le- 


„ral, cures all diſeaſes, &c. But we are 


* tone." 


tranſlated into 
Latin 


s here to obſerve, that in his language, the 


% baſer metals are all leprous men, and 
« a healthy one. When therefore he ſays, 1 
© will cure fix lepers, he means no more than 


that he will turn them into gold, which 
„ ſhall bear the trial of antimony. But as 
„he was no phyſician, tis more than proba- 
ble he never thought of any uni- re- 
« medy. After this writer we don't meet 
*« with any other of diſtinction till the twelfth. 


«6 cent K C F | | 
+ 3-4 Colter, proiicr of the. oriental lun 
" es in the univerſity of Lenden, made 
4 2 dea preſent of Geber's piece, in manu · 
« ſcript, to the publick library ; and tranſ- 
« lated it into Latin, and publiſhed it in the 
„ ſame city, in fo/io-; and afterwards in guarto, 
under the title of Lapis. Philoſapharum. It 
contains . abundance of curious and uſeful 
things about the nature of metals, their pu- 
10 rification, fuſion, malleability, Cc. with 
excellent accounts of ſalts, ag * 
« Several of his experiments are verified by 
« preſent practice, and have paſſed for mo- 
« dern 14 * exactneſs of his o- 
© perations is urprizing, except per- 
« haps in what relates to the philoſopher's- 
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Latis by ſeveral hands, and publiſhed by Golius (). The chief of his pieces 


theſe : | | 
were t! vel chimia; aus de inveſtigatione perfectionis metallorum : 


1. De alchemia, . . 
that is, of alchemy, of chemiſtry; or of diſcovering the perfection of metals. 


2, De ſumma perfectione metallorum : that is, of the higheſt perfection of 
metals, YO | | | 

3. De claritate alchimie': that is, of the excellence of alchemy, 
4. De Lapide philoſophico ; that is, of the philoſopher's-ſtone. 

5. De teſtamento : that is, of the teſtament. * 
6. De epitapbio: that is, of the epitaph. lun 
7. De inveniendd arte auri & argenti: that is, of finding the art of mak- 

1182. 


ing gold and filyer (m). ul rag a ; 4 | ] 
22. (2) Morienus, a Roman, who lived as a hermit at Jeruſalem, wrote Morienus. 
very ſoberly on this ſecret, and is rank'd amongſt the | authors extant: 
his works were tranſlated out of Arabic into Latin, and publiſh'd in the year 
1182, on the eleventh day of February (n). TY 
23. (3) Albertus Bolſtadius, firnamed Grotus, or Magnus (o), a German, born Albertus 
E 2 at Magnus. 
(1) Vid. Lee. Afr. L. III. p. 136. Conring. book on alchemy ; but there are more che- 


Herm. Med. 369, 372, 373- mical pieces that go under his name, vix. 
is Writings. 1. Abohali, i. e. Auicennæ liber ds rebus 


(m) To which may be added, 1. Geberi 
Super artem Alchymie Libri vi. or Geber's fix 
205d yy — —— 

embr, in the an 3 
the — of Elias Aſhmole * — 

2. De Alchimia Libri iii. t is, three 
 _— on alchemy, publiſh'd Argent. 1529. 

0. 


. Geberir ſumma perfoctioni⸗ Heri int 
ha natura : that is, dag "of: perfettion 
iſtery, in its own nature: very incor- 
realy printed from a correct copy in the J. 
tican library, with the addition of ſome chap- 
ters, veſſels, and furnaces, omitted in the o- 
ther; beſides Geber's books of the inveſtiga- 
tion of the mayiſtery, of the teſtament, the 
golden book, trium verborum, and Avicenna 
on minerals. Yenet. 1542. 8v0. ap. Petr. Schoef- 
— 2 enen 1545. 4to. c. Fig.— Ang. 

598. vo. 

4. Chymia, ſeu traditio ſumme Sionit, 
& inveſtigatio magiferit : that 2 Heniäry, 
or the tradition of the higheſt „and 
the inveſtigation of the magiltery ; | 
in innumerable places by Cap. Hernius: to 
which is added, the ſame author's Madulla 
Alchimie Gebria. The whole publiſhed by 
G. Hornius. Lug. Bat; 1668. 12mo. 

The works of Geber are alſo publiſhed in 
Engl, by Richard 
Avicenna's Chemical Writings. 

In the next place might come Avicenna, 
who lived in the eleventh century ; and who, 
44 his follower Soranzs informs us, wrote a 


Ruſſel. London 1686. 8vo. 


alchymicis z i: e. Abohali's, or Auicenna's book 
on the ſubject of alchemy ; extant in MS. in 
the Bodleyan library, given by Sir Kene/m 
2 beſides another copy given by Elias 

mole Eſqs 

2. Traftatus de tinfura metallorum. A 
treatiſe of the tincture of metals; publiſh'd/at 


Frankfort 1550. 4to. 
3. Chemicus liber, porta elamentorum dictus: 
ical book, the gate of the ele- 
ments. Bafil. 1572. 8vo. | 
4. Mineralia, ſeu de congelatione & con- 
2lutinatione lapidum ; that is, minerals, or on 
the congelation and cong 
Publiſh'd with Geber's Summa perftH#ionis ma- 
S and other pieces on the 


tion of 
Extant in Manges Bibi. Chyw. 


: The Hiſtory of CaniisTay. 


at Lavinghen in Suabia about 1200, in 
Katiſbon, and died in 1280: He wrote, 


1259 preferred to the biſhopric of 


1. De mineralibus : or, a Book of minerals (p). | 
2. Lilium floris de ſpinis avulſum : that is, the lilly of the flower pluck'd 


from the prickles, 


3. Speculum Sdamia de compoſitione Japidis, &c. that is, the mirror of al- 
chemy, concerning the compoſition of the ſtone (g). | 


Friar Bacon. 24. (4) Roger Bacon, an Engliſhman, a monk of W:ftminſter, but reſiding 


at Oxford, where he flouriſhed about the year 1226 z excelled in alchemy, 
chemiſtry, natural magic, mechanics, metaphyſics, phyſics, and mathe- 
matics. - He died at Oxford in 1284, and was buried there among the Fran- 
ciſcans (r). Such of his works as have been handed down to us, are gene- 


mon jeſt of his ſellow-ſtudents. At length 
quite tired out, he reſolved to ſcale the walls 
of the convent, and run away. In this at- 
tempt, the bleſſed Virgin a d to him on 
the wall, and there gave him that underſtand- 
ing and ability, which have ſince render'd 
him ſo famous. He was a Dominican friar, 
and doctor of Pari: ; flouriſh'd in 1236, and 
taught at Celgene, where he had Thomas A. 
ras for his pupil. He retired from his bi- 
ſhopri to his monaſtery at Co/opne in 1263, 
and died in 1280, aged ſeventy-five. Father 
£ Abbe ſays, in his eloge, that he wrote fixty 
volumes, moſt of them ftill extant, many in 
prings the reſt in MS. Petr. Tammy has pub- 
d an edition of his works,” but not all, in 
828 volumes, fol. Lagdin. 1651. The 
liſt of titles in each volume is given by Fa- 
bricizs, p. 113, Cc. He was accuſed of ma- 
ic, but is defended by Trithemius, Miran- 
Sls, Naudt, and others. By a general cor- 
reſpondence with the miners throughout Ger- 
many, he acquired uncommon ſkill in metal- 
largy. The feaſt of the beatified Albertus is 
celebrated in the churches of Ratisbon and 


Cologne. | 

5. mineralibus & rebus metallicis, Lib. v. 

— 1518. 4to. that is, of minerals 

metallic matters, five books, &c. cor- 
rected and republiſhed by GH. Herm. Ar- 
gent. 1541. 8vo. And again in the Teatr. 
Chym. T. II. p. 139. is alſo a ſmall 
piece of his upon alchemy, entitled de A/chy- 
mia libellus ; printed at Bail in 18 16. 

9 See Borell. Biblioth. Chym. p. 5. 
Next after Albertus might come Thomas de 
Aquind, a Dominican, born, of the noble fa- 
mily of the counts of Aquinas, in 1244. He 
died in his journey to the ſecond council of 
Hye, whither he had been fummon'd by 

pe Urban IV, in the monaſtery of = 
Nova, not far from Terracina, in 1274. Hi 


fſeiſſa's book of light; and 


rally 
de corporibus 


1. Secreta alchemie 


Supercaleflibus, & quod in rebus inferioribus 


inveniantur, £ e modo extrahantur : or ca · 
pital ſecrets 2 concerning the ſuper- 
celeſtial bodies ; and to ſhew that they are 
found in ſublunary bodies, and how they may 
be extracted from the ſame. 

2. De lapide minerali, animali, & plantali ; 
oo the mineral, animal, and vegetable 

e. 

3. Theſaurus alchemia@ fecretiſſimus, 
dedit fratri fuo Reinalds : 2 the moſt — 
treaſure of alchemy; given to his brother Rei- 
nald.—To which are added Fohan. de Rupe- 
. Lullys Cla- 
vicula & Apertorium, publiſh'd by Dan. Bron- 
chuſius, with a preface by Job. Heurnius. Lug. 
Bat. 1598. 8vo. And in the Theat. Chym. 
T. III. p. 277. 
4. Liber lilii benedi#i: or, a book of the 
— lilly. Extant in Teatr. Chym. T. IV. 
p. 1082. 


5. Aurora, froe aurea hora: the dayn, or 


the golden hour. 

6. Commentarium fuper turbam philoſopho- 
rum breviorem, ut dicitur : or, a commen | 
on the ſhorter furba philoſophorum. Extant in 
the ſecond decad of the Harmon. chym. phile- 


ſepbica, collected by Fof. Rhenanus. France. 


1625. 8vo. 
Account of Friar Bacon, 

(-) . He was beyond all compariſon the 
* — man of his time; and might per- 
*« haps ſtand in competition with the greateſt 
that have 1 ſince. Tis wonderful, 
conſidering ignorant age wherein he 
* lived, how he came by ſuch a depth of 


© knowledge on all ſubjefts. His writings are 
* com with that ele „conciſeneſs, 
and ſtrength, and chr with ſuch juſt and 


«exquiſite obſervations on nature, that, a- 


66 


— all the chemiſts, we don't know his 


45 
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rally written in a clear, eaſy ſtyle, without circumlocutions. We have the 


following pieces of his writing. 


* 


. He writ many treatiſes, ſome of which 
« are loſt, or lock d up in private libraries. 
„% What — to chemiſtry, are chiefly two 
« ſmall pi wrote at Oxford, which are 
% now in print, and the manuſcripts to be 
« ſeen in the public library of Leydex ; having 
been carried thither among Yoſius's manu- 
« ſcripts from Eng/and. In theſe he attempts 
to how im metals may be ri- 
« pen'd into ones. He adopts Geber's 
% notion, that me is the common baſis 
« of all metals, and ſulphur the cement ; and 
« ſhews, that it is by a gradual dep 
*« the mercurial matter, and the acceſſion of a 
* ſubtile ſulphur, that nature produces gold; 
« and that 1f, during the proceſs, any other 
third matter happens to intervene, beſide 
© the mercury and ſulphur, ſome other baſer 
„ metal will ariſe: ſo that if we could but 
« imitate nature's method, we might change 
* other metals into gold. 

« 3, Having compared ſeveral of Friar 
% Bacon's operations with the modern experi- 
% ments of M. Homberg, made by direction 
of that curious prince, the duke of Orleans ; 
« we judge that Bacon has deſcrib'd ſome of 


the very things which Homberg publiſhes as 


% new diſcoveries. Thus, for inſtance, Bacon 
% teaches expreſſly, that if a - ſulphur be 
« united with mercury, it will produce gold: 
on which very principle M Homberg has 
made many experiments for the production 
of gold, deſcribed in the Memoires de Þ Aca- 
„ dem. Royale des Sciences ®. 

*« 4. His other phyſical writings ſhew no 
« leſs genius and force of mind. In his trea- 
« tile, of the ſecret works of art and nature, 
he ſhews, a perſon, who was perfectly 


* 1M. Homberg, in his Eſſai du ſouffre principe, 
expoſed a digeſting heat, ceaſes to-be fluid, becomes a powder 

heavier than mercury, and at length acquires ſuch a fixedneſs, as to be capable of remaini 

red-hot for twenty-four hours, without loſs ; tho' upon applying a naked fire, the reateſ 


mercury, which upon bein 


part flies off in fume, leaving a piece of hard metal, form'd of the mercury, behind. 


uration of 


I, 


* K the manner which nature 
* obſerves in her operations, would not only 
« be able to rival, but ſurpaſs her. In an- 
other piece, of the nul/ity of magic, he ſhews, 
* with great ſagacity and penetration, whence 
„the notion ſprung, and how weak all pre- 
*« tenſions to it are, Admiration, the parent 
„of magic, is the offspring of ignorance, be- 
«© got upon a vitiated imagination: when 
weak minds perceive an effect, whoſe cauſe 
is hid far in the dark, they preſently have 
«recourſe to a dzmon to ſolve the difficulty Zz 
for they fancy, it muſt be the effect of ma- 
« gical art, or the intervention of ſome ſu- 
«© pernatural power. This popular refuge of 
«« ignorance the judicious author deſervedly 
** confutes, and ſhews there is no ſuch thing 
* as ic z unleſs by that word be meant a 
1 knowledge of the properties of bodies, and 
*« the methods of nature; by a dextrous ap- 
* 8 whereof many things may be pro- 
duced more ſurprizing than all the pre- 
* tended magic has ever effected. 

1 5. Such was the ſcope and tendency of 
„his writings. What reward he met with 
is abominable to ſay : the man who had 
thus overthrown the idle pretenſions of the 
*« believers in magic, was himſelf branded for 
** a magician, excommunicated, and impri- 
* ſoned. | 3 

6. His works are printed in 8 vo and 
* 12mo; under the title of, Frater Rogerius 
* Baco de ſecretis artis & nature, and in folio 
wat London. From a repeated peruſal. of 
them, we find our friar was no ſtranger" to 
many of the capital diſcoveries of the pre 
«« ſent and paſt ages. 

«+ 7. Gun-powder he certainly knew: thun- 


der 
gives us two experiments; the firſt with 


he o- 


ther experiment is with — of antimony, which, upon being expoſed to the duke of O-- 


leants great burnin -glaſs to calcine, gain'd 25 part in weight. From theſe ex 


conclu 


iments he 


„that /ight. may be introduced into porous bodies there fix, and increaſe both their 
weight and bulk: and that the light thus retain'd in . 


ecames inſeparable thereform in the 


moſt vebement fre; and even changes the _ of the mercury into a malleable dufile metal, bea 


vier than any other metal, except gold. 


em. de l' Acad. An. 1905. 


2. In another place the ſame author argues, that gold confyts principally of two kinds of 


matter, viz. mercury or quickſilver, and a metallic ſulphur ; the 


tter, according to him, being 


no other than light ; either of which taken apart, evaporates with the leaſ beat; but when join'd 


together into a metal, a 


An. 1707, 


the manner juſt mention d, they loſe their walatility, and become jo 
fred, that the moſt intenſe fire of our — — ſeparate them, Mem. de V Acad: 
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1. Speculum 


The Hi 
culum alchemie ; or the mirror of alchemy (5); and another different 
from the printed one, which is preſerved in MS. in the library of Leyden. = 
2. The/ſaurum chemicum ; or, the treaſure of chemiſtry. 

3, De ſecretis artis, atque nature operibusz or, of the ſecret works of 


5. Scripta 


« der and lightning, he tells us, may be pro- 
« duced by art ; for that ſulphur, nitre, and 
„char which, when ſeparate, have no 
** ſenſible effet, yet when mixed together in 
4 a due proportion, and cloſely contin'd and 
« fired, they yield a loud report. A more 
« preciſe deſcription 1 cannot 
a be iven in words: yet a Jeſuit, Bar- 
« gal. Schwartz, ſome ages after, has had 
the glory of the diſcovery. He likewiſe 
£ mentions a ſort of inextinguiſhable fire, pre- 
« pared by art: which ſhews he was not un- 
% acquainted with phoſphorus. And that he 
46 15 notion of the rarifaftion of the air, 
« and the ſtrufture of an air-pump, is paſt 
6 contradiftion,” - 

See farther concerning the life and writings 


of this extraordinary rn. Wood's Athen. 


Oxon. p. 136, Kc. Wadding. in Annal Ord. 

Minor. ad Ann. 1266. and 1278, Leland. de 

m_ c. 236, Bayle's Did. Fabric. Bib- 
. Med. Lat. I. 2. p. 430, &c. 


r Cute. 


4. De nullitate magie ; or, of the nullity of magic (/). | 
de arte chemie ; or, writings on the art of chemiſtry ;"publiſh'dat 
Frankfort in-12*, 160g. (u) wherein (x) we find many elegant di 


veries in 


(+) Extant in Gratarolu,'s collection of 
— de vera alchemia. Baſil. fol. A. D. 
1561. | 

) Extant in the Teatr. Chym. T. II. 
p. 433. and in Manger. Bibliath. Chym. T. I. 
p. 613, and 616. 

( To theſe are tack'd ſeveral pieces of 
the ſame author, wiz. "Ef 

Breviarium de dono dei. 

Verbum abbreviatum de leone wiridi ; and 

Secretum ſecretorum nature, de laude lapi- 
Ai philoſophorum. 

(x) This character ſeems rather to to 
the Speculum — of Friar Bacon, or hi 
mirror of ſecrets; printed at Frankfort, in 
12mo, U Schoeuwwetter, An. 1603. 

We think proper here to ſubjoin a cata- 
logue of this great man's — ſo far as 
they are come to our knowledge ; having 
ſome reaſon to ſufpect that ſeveral of his works 


are ſtill unpubliſh d. 


A Catalogue of Friar Bacon's Writings. 


1. Trafatus duo di chemia. 
2. Speculum alchemie. 

3. Theſaurum chymicum. | | 
4. De fecretis artis atque nature oferibus, 
£Y de nullitate . 

. Specula n 

8. dulla alchemiæ, in 8vo. An. 1608. 
7. De arte chemia ſcripta. 

8. Breviarium de duns dei. 
9. Verbum abbreviatum de leone viridi. 
10. honing fſecretorum nature, de laude 
Japidis philoſepharum. 
11. Tractatus trium verborum. 
12. Epiftola de modo miſcendi. 

13. Den fecretiſſima de ponderibus. 


14. Speculum ſecretorum. 
15. Cone majus, ad Clem. IV. 
Arti. 5 & ade nullitate magiæ 


Fob. Dee Londin. o paribus exemplaribus 


|. 
CH- 
gata alim, & ad ſenſum integrumreſiituta. Nene 


ro” 6 


1. Two treatiſes of chemiſtry. 
2. Mirror of alchemy. 

3. Chemical treaſure, | '% 

4. Of the ſecret works of art and nature, 
and the non-entity of magic. 

c. Mathematical mirrors. 
& Marrow of — M 
- Writings upon the art of chemiſtry. 
| 4 ney of God's git A. 9 

9. A word of the green lion. 

10. Secret of nature's ſecrets ; in praiſe of 
the philoſopher's-ſtone. 

11. Betts — 2 . 

12. 0 manner of mixing. 

13. A ſecret epiſtle of weights. 

14. Mirror of ſecrets. 

, 15, Great work, addreſſed to Cle- 
ment IV. found in the library of in, and 
_ publiſh'd by Dr. Febb, in folio. 

16. Roger Bacon's epiſtles on the ſecret 
works of art and nature, and the non-exiſtence 
of magic, by Jobi Dee of London; formerly 
com with numerous copies, and 
to the true ſenſe, and now publiſh'd by a 


The. Hiftory of CnnMisTay. 

mechanics, natural magic, and other arts which have been falſely attributed to 
later authors; and were no leſs falſely charged on him as the effect of magic 
and hereſy (y). 


1 25. (5) George Ripley, likewiſe an Engliſhman, and Canon of Bridlington, 
15 flouriſhed much about the ſame time (2). He wrote, | 


1. Duodecim porte : or, the twelve gates (a). 
2. Medulla chimica : or, the marrow of chemiſtry. 


MS. in 
in 8“. 1649 (6). 


3. A piece on alchemy compos'd in Engliſh verſe, and now preſerv'd in 
the library of Leyden. His works were publiſhed together at Caſſel, 


See alſo de mercurio philoſophorum ;. or, a piece on the mercury of the phi- 
loſophers ; and commentarium Hermeſii philoſophi, now in MS. in the library of 


26, (6) Arnoldus de Villa nova lived in the thirteenth century(c,) and wrote, 


1. Raſarium. The Roſary. 


tiam were ſcientiæ emiſſa, cum notis quibuſ- 
2 phe 275 Job. 7 0 parti m 2 

um re bon ſione ad fratres t crucis illuſtres. 
Hamb. 26. — 2 | 


7 See Borrieb. de Ort. Chem. p. 122. 


Barell. Bibl. Chym. p. 37. 
Account of Ripley | | 
(z) * This author lived in the reign of 


'* Edward IV, to whom, an. 1577, he de- 
dicated his book, entitled, The twelve gates. 
His writings are all very good in their 
kind, being wrote in Bacon's manner, only 
more allegorical. As he was no phyſician, 
he does not meddle with thing of the 
«« preparations of that kind; treats mach 
« of the cure of metals, which, in his lan- 
«« guage, is the purification and matoration 
thereof. He purſued Geber's and Bacon's 
* — 5 les very religiouſly ; and maintain'd, 
* i ce, with new evidence, that-mer- 
<« cury is the univerſal matter of all metals; 
< that this, expoſed to the fire with the pureſt 
< ſulphur, will become gold; but that if ei - 


= © ther of them be fk or leprous, that is, in- 


** fefted with any impurity, inſtead of gold, 
** ſome- other metal will be produced. He 


« verſal metal, be uced, for curing of all 
« the fick ; ——— have — — 
* under ſtood of an univerſal medicine, effica- 
**-cious in all diſeaſes.” *Tis ſaid, that R; 
ley ſent an hundred thouſand pounds, for ſe- 
— —— to the knights of 
des, to enable to defend themſelv 
againſt the Turks v. e 


| d + 2, 
lover of the truth, for the improvement of 
real knowledge ; with notes, partly by the 
ſaid Jobs Dee, and partly by the editor; and 
an anſwer to the illuſtrious brothers of the 


Roſycrucian order. Hamburgh 1618. 8vo. 


(a) Duodecim portæ axiomatum in philoſoph · 


or, twelve gates of philoſophical axioms. 
(3) To which may be added, 
1. Pupilla oculi, the pupil of the eye, with 
a preface ; preſerved in MS. in the Bod/eyan 
W given by Elias 4/bmole Eſq; Þ 
2. dm ignium philoſophorum & qui-- 
buſdam probatiſſimis experimentis; viz. of the 


— — the fires of the philoſophers, 
together with ſome approved experiments 3 
found in MS. in the Bod!eyan library, part of 
the donation of the ſame perſon. 

For a farther account of this author's wri-- 
tings, ſee Fabric. 1, 7. p. 3 21 
Account of Arnoldus de Villa Nova. ' 
(e) This author was a Frenchman, and de- 
nominated Arnaud de Ville Newve, from Ville 
Newve, the place of his nativity. He was 
a celebrated philoſopher, phyſician, and che- 
miſt ; and — to be deeply ſxill'd in al- 
chemy. Yan He/mont, a great admirer 
Arnaud, attributes to him the firſt introducing 
of chemiſtry into medicine, He was ſent by 
Frederick, king of Sicily, to cure Pope 'Cle-- 
ment V; but being ſhipwreck'd in the voyage, 
died in 1313, and was buried at Genoa. Ihe 

iards maintain he was a Catalan; "tis cer- 
tain he practiſed hyfic at Barce/ona, whence 
he acquir'd the Catalanus. He was 
ſuſpected of magic. But for his fate and. 
writings, ſee Nichol. Autom. Biblioth. Vet. Hif- 

L. IX. c. 1. T. II. p. 74, Cc. and Fabrice. 

ibl. Med. Latin. I. 1. p. 358. 3 


dee Nowv. & la Repub, des Let. 1708. p. 199. 


1477. 


Ripley. 


1 b 
Arnoldus de 
Villa Nova. 
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1238. 
Raymond 
Lully. 


tiogs by 


The: Hiftory of CuzulsrTRx. 


2. Teamentum novum prafficum. A new practical teſtament. M 
On alchemy. And 
4. Semita Semitarum, The path of paths. 


3. De Alchemia, 


To theſe may be added, 
1. Roſa novella. The new Roſe." 


2. Epiſtola ad papam Pium. An Epiſtle to Pope Pius. 


3. Novus ſplendor, vel lumen. A new light, or brightneſs. 
4. Flos florum. The flower of flowers. 


g. De furno pbiloſopbico. 
6. De ſecretis nature. 
7. De nova c 


of the ſtone of life of the philoſophers. 


On the philoſophical furnace. 
Of the ſecrets of nature. 1 
ompoſitione lapidis vite phileſophorum. Of a new compoſition 


8, De principiis naturalibus, ad Clementem papam. Of natural principles 


to Pope Clement. | 


9. Opus in arte majore. A work on the grand art: which pieces are all 


in MS. in the library of Leyden (4). 


27. (7) Raymund Lully, a Spaniard, born at Barcelona (e) in the year 1235, 


a diſciple of Arnoldus de Villa nova, died in Africa in 1315. He was one of 


| His writings. © | 

(4) Beſides theſe we have of his writings, 
20. Speculum alchemiæ, quo artis chimicæ my- 
feria, etiam ſecretiſſima, luculenter enodantur 
& explicantur. The mirror of alchemy, 
wherein the moſt ſecret myſteries of the che- 
mical art, are clearly unfolded : firſt publiſh'd 
by Fer. Megi/erus Franc 1602. 8vo. After- 
wards, toge with his other chemical wri- 
e ſame editor. Fance 1603. 8vo. 
11. Opera, una cum ipſius vita, a Symphor. 


| Campegio deſeripta ; ac traftatus de lapide phi- 
Hb it 


0 works, together with his 
written by Symphor. Campegius; to which is 
added, op philoſopher's-ſtone. Lag d. 
1530. 8 Vo. 

3 — 9 eum Nic.'Tawcelli annotationi- 
bes. Works, with the annotations of Nic. 
Tawcellus. Baſ. 1585. folio. 

13. Theſaurus theſaurorum. The treaſure 
of treaſures, preſerved in MS. in the Bodleyan 
2 part of the donation of EI. Aßbmole 

qz 


14. Trad. de ſolutione dubiorum in alchemia. 


Or, of the ſolution of doubts in 22: 
in MS. extant in the ſame library, given by 


Sir Kenelm Dighy. 


Accent of Raymond Lully. 

( 1. This author is ſaid by others to 
have been born in Majorca, and by ſeme 
in Minorca, but ſprung from the noble fa- 
* mily of the Lu/{es 2 2s co- 
« tem ies ſpeak. of him as a on emi- 
a — verſed in the peripatetic learning; 
* which indeed 22 from ſeveral of bis 
% writings. He had the addreſs to introduce 


the 


a new kind of tranſcendental art, called from 
him, the Zullian art ; by virtue whereof a 
man might diſpute whole days 5 any 
topic in nature, without underſtanding any 
thing of the matter. The drift of this doc- 
<«. trine was to diſpoſe the ſeveral ſorts of be · 
* ings into divers climax's, or ſcales, to be 
run down in a deſcending progreſſion. Thus, 
% whatever was, propoſed to be talk'd on, 
they would ſay, it is a being; and con- 
10 ſequently, one; true; good; then, every 
being is either created, or wncreated : and 
*« every created being is either body, or ſpirit, 
* &c. But, at length, perceiving the vanity 
* of his own art, he quitted this barren ſu- 
«« perfluity of words, and went over to the 
other extreme. 

„% 2. Upon applying himſelf to chemi- 
* ſtry, he ſoon to another 
« ſort of doctrine ; for ſpeaking of that art, 
he ſays it is only to be acquired by experi- 
ment, and cannot be conveyed to the under- 
*« ſtanding by idle words and ſounds. 

* 3. Lully, beſides what he did in the ſcho- 
« laſtic way, writ ſeveral volumes after chang- 
ing his manner of ſtudy : tis difficnlt to ſay 
how many; for it was a common practice 
* with his followers to publiſh their perfor- 
% mances under their maſter's. name. His 
later works are, beyond all expectation, 
excellent; ſo that it may be doubted, whe- 
* ther they were the production of that age: 
So full are they of the experiments and o 
* ſervations which occur in our later writers, 
* that either the books muſt be ſuppoſititious, 
or the ancient chemiſts mult have been ac. 

| „ quainted 
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1 the firſt who in his Treatiſe entitled de quinta Hentia, wrote of an univerſal 
remedy for all diſeaſes of the body, and of the philoſopher's ſtone : his chief 


writings are, 
© 7. 


. 


he quinteſſence. 


1 philoſopher's ſtone. 


Wibrary of Leyden(f). 
4. Claviculade |. p. 


6. Apertorium. An apertory. 
= 7. Epiſtolæ ad Edvardum regem 
England. 


9. De mercuric. Of mercury. 


11. Teftamentum noviſſimum. 


ngland (g). 


13. Aphoriſmi, Aphoriſms. 


: quainees with many things which paſs for 
che diſcoveries of modern practice. 
* gives plain intimations of 22 which 
4 G calls the vefa/ fire ; the ofa Helmontii, 


* years before either He/mont or Lord 
* Bacon. 
* 4. He travell'd into Mauritania, where 
he is ſuppoſed to have firſt met with che- 
miſtry ; and to have imbib'd his principles 
of the art from the writings of Geber: 
We which opinion is countenanced by the con- 
ſormity obſervable between them. 
= © 5. The Spani authors aſcribe the occa- 
on of his journey to a paſſion he had for a 
nad, named Fleonera, who obſtinately re- 
ſuſed his addreſſes. Upon enquiring into 
the reaſon, ſhe ſhewed him a cancer'd breaſt. 
Lully, like a generous gallant, immediately 
reſolves en a voyage to Mauritania, where 
Geber had lived ; to ſeek ſome relief for his 
* miſtreſs. But others ſay, that from thence- 
* forward he devoted himſelf to penance; and 
among other pious exerciſes, applied him- 


14. Epiſtola accurtationum. An epiſtle of ſhortning 
15. De inveſtigatione occulti ſecreti. Of the diſcovery of the deep ſecret. 


He 


1 e. And yet he muſt have lived two hun- 


* See Morhef. Pohbift. L. I. c. 11. n. 56. 1 


De ſecretis nature, ſeu quinta cſſentia. Of the ſecrets of nature, or 
2. De accurtatione lapidis pbiloſopborum. Of ſhortning the work of the 


| 3. Codicillum, ſeu vade mecum de formatione lapidum pretioſorum. A co- 
Micil, or vade mecum of the making of precious ſtones : now in MS, in the 


Clavicle, or little key of the philoſopher's ſtone. 
5. Teſtamentum, The Teſtament. 


Anglie. Epiſtles to Edward king of 
8. Lux mercuriorum. Light of mercuries. 
10. Speculum magnum. The great mirror. 


he laſt teſtament. 
12. Epiſtola ad Robertum regem Anglia. An epiſtle to Robert king of 


proceſſes, | 


16. Exempla accurtationis. Inſtances of ſhortening. 


All 


e ſelf to the converſion of infdels, with a 
* view to which he learn'd Arabic at thirty 


_ « years of age. At his ſollicitation, Fames, - 
66 


ing of Arragon, founded a ſeminary in Ma- 
< jorca, for the education of miſſionaries. After 
which he travell'd thro' France, Germany, 
and England; and was at laſt floned to 
death in Africa, for hing chriſtianity.” 
There are ſaid to have been two Raymund 
Lullies, the one a friar and a martyr ; the o- 
ther an alchemiſt, and originally a Jew. *Tis 


_ ſaid there are above a hundred chemical MSS. - 


of Raymund Lully, yet 

Vienna library *. Buc for more | 
relating to this adept, ſee Vinc. Mutio s Hiflo- 
ria tel Reguo de allorca ; Difertationes Hi- 


unpubliſt'd, in the 


ftoricas del Culto immemoriat de B. Raimundo 


Lullia. Maill. 1700. 4to. Memoir. de Treu. 
Nev. 1701. * 236, & ſeq. Du Pin, Biblioth, 
Eccleſ. T. XI. p. 60. and Borrich. de Ort. 
P. Fj Am 39. A 
(F) And alſo publiſhed Rothow. 1651. &vo, 
 Perhape it ſhould be Robert king of 
. 5 
+ See Borrich, de Ort. Chem, p. 137+. R 


$ 4 


34 


13756 
Johanne ae 
peſciſſa. 


1420. 
Iſaac Hollan- 
dus, and John 
Taac Hollan- 
dus. 


bo aces ſtone. Publiſhed with other 


«« where he pin 
by which means he was prevented 


The Hiſtory of CuruisTay. 
All which pieces are in MS. in the library of Leyden. He is even faid to 


have written to the number of ſixty volumes on chemical ſubjects (h). 


28. (8) Jobannes de Rupeſciſſa, a Franciſcan, died in priſon, about the year 
1375. He wrote many pieces on alchemy (i). Paracelſus cenſures him as 
having advanced things falſe and ridiculous (&). 


29. (9) Jaac Hollandus and Fohn Iſaac Flollandus, born at Stolk, a vill 
of Holland, wrote ſeveral pieces on alchemy, wherein they deliver many ex- 


traordinary experiments (i), viz, 
1. De lapide philoſophorum. 


Of the philoſopher's ſtone (]. 


2. Scientia chimiæ. The ſcience of chemiſtry. 


3. De projectione infinita. 
true tranſmutation of metals (1). 


(5) A fair copy of all Lulh's chemical works, 
tranſcribed in 1483 and 1484, in two vol. fel. 
is preſerved in the Bodleyan library, given b 
El. Aſomole Eſq; See alſo Theaty. Chym. T. III. 
and IV. and Mangeti Bibl. 5 N. 

(i) His writings are; 1. Liber magifterii 
de confectione ueri lapidis philoſophorum. The 
book of magiſtery an ing the true philo- 

ieces 

alchemy. Collected by — hg Baſ. 

>; — als: II. p. _—_ In the — 

T. III. p. 191. Manget's Bibl. 
che T. III. p80. 

2. Liber lucts ; Book of light: publiſhed 
with the Secreta alchimiz alia of Tho. 
Aquinas, by Dan. Brouchuifius. Lug. Bat. 1598. 
8vo, In the Theat. Chym. T. Ul. p. 297- 
And Mangeti Bibl. Chym. T. TI. p. 84. 

3. Roſarium phil m: the roſary of 
the philoſophers ; from a double copy. Ex- 
tant in Mangeti Bibl. Chym. T. II. p. 87, and 
119. 

4. De — —oagroegs : inte eſſentiæ rerum 

f the confideration of the quinteſ- 


are many, 


es, he wrote 
had wrote more, 
« as having a ftrong chemical taſte, but that 
like his predeceſſor Bacon, he was 
« accuſed magic, and thrown into priſon ; 
away, and died of grief; 


N from diſ- 
« covering many ſecrets of nature, which he 
vas become maſter of.” 
Arcon I ſaac and John Hollandus, 
i) « 1, Some ſay were father and 
« ſon; others, that they were brothers: whe- 


© ther, is not eaſy to determine. But certain 


— 


* Vid. 


great weight. 


Conring. Herm. Mad. p. 210, 383, & feq. 2 ＋ 17 ae wh | 


Of infinite projection. 
4. De mineralibus & vera metallorum metamorphoſe. 


Of minerals, and the 


| 5. 
© it is, they were both perſons of great parts 
and ingenuity, and wrote on the dry topics 
* of chemiſtry, with all the copious eloquence 
* of orators, They ſeem to have lived in 


« the thirteenth century; but this is not aſ- 4 


% ſured. The whole art of ename/ling is their 
invention; as is alſo that of colouring glas. 
* and precious flenes, by the application of thin 
metal plates thereon. 

«* 2. Their writings are in the form of pro- 
« ceſſes; and they deſcribe all the operations 
« to the moſt minute circumſtances. The 
< treatiſe of cxame/ling is eſteem'd the great- 
** eſt, and moſt finiſh'd part of their works; 
& all that relates to the neceſſary fuſion, ſepa- 
ration, and preparation of the metals i; 
< here deliver'd. They write excellently of 
« diftiflation, fermentation, putrefaction, and 
*« their effects ; and ſeem to have underſtood, 
at leaſt, as much of theſe matters as any of 
the moderns. They publiſh'd a ſmall 7rea- 
« tiſe of the = one; which, they 
* hold, may be prepared from any in 
„nature. The 
«it from lead, 4 
and other matters. 


% 
1 
"2 


0 
* 


' 


SW * 
Z * 


deſcribe ways of producing 
lood, ſulphur, and mercury, _ 

They furniſh fevera! ü 
experiments on homan blood z which Ja, 
« Helmont and Mr. Poyle have ſince repeated. 


&« Paracelſus likewiſe has borrowed freely from 


« them. There 


&« of chemical furnaces and inflruments.”* 
(=) Extant in the Theat. Chym. T. II. 


Pp. 142. 


(n) a mineralia, froe de Inpide philoe- 
oct . be he le 
png ſtone, Extant in the Thea, Chyn. 
III. p. 320. Alfo publiſhed at Mid#h. 
1600. vo. Opera mineralia & weigetabilia. 
3 vegetable works. Arnbei m. 1616. 
. 


a very large work, in 
« folio, under their name, of” the con ſtruct ian 1 


The Hiftory of C, x; . 


. Devine. Of wine. 


2 | 6. De vegetabilibus. Of vegetables (o), with ſome others (p). 


30. (10) Baſil Valentine (q), 


is commonly faid to have been a Benedictine 


monk at Erfurt; tho we are inform'd there never was any Benedidline mo- 


4 at Erfurt; and both his Names ſeem a 
—— « perfedtly illd in the vulgar *** 
r from his fingle piece entitled Currus triumpbalis an- 
timonii : or, triumphal chariot of antimony; wherein many of the chemical 
proceſſes accounted modern, are accurately comprized, and faithfully deſcribed. 
Nor was he leſs eminent in the more abſtruſe part of the art: his chief failing 
was the aſcribing medicinal virtues to every thing 
than which nothing can be more abſutd, fallacious, ot 

© ſame fatal error has hence infected all the tribe of chemiſts to this day. He alſo 
© ſhews himſelf to have been both a divine and a phyſiciah 3 and ſeems like- 
viſe to have been famous in the courts of princes. 
earlier than Paracelſus; and was the firſt that broach'd the doc- 


the Greek, the other from the Latin. 
chemiſtry, as may a 


=_ N 
a) 0 
lived an a 


ee) Opera, wegetabilia ; vegetable works. 
_— ramcof. 1666. 8vo. | 

(p) Beſides the pieces above enumerated, 
they alſo wrote; 


1. Manus philoſophica ; the philoſophical 


| falibus & oleis metallorum. Of the 
| „„ 
N ran/lation of chemifliry to medicine. 
0 6s Waben e rehearſed have 
« been chiefly confined to metallurgy, or a 
— © few particular bodies, as metals, glaſs, ar- 
| ** tificial gems, &c. about which a the che- 
miſts from Zofimus to Hollandus ſeem to 
have been employ'd. We now proceed to 
the ſecond claſs of chemiſts ; wiz. thoſe 
ho have cultivated the art with a view to 
medicine; whether in order to find an uni- 
* verſal remedy, or particular ones, in the 
common way of phyſic. Bal Valentine 
is the firſt of this liſt,” But the learned 
le Clere thinks there are alſo indications 
f chemical medicines in Thaddeus the Flo- 
nine, who lived in the thirteenth centu 
= Albertus Magnus, Arnoldus de Villa Nova, 
=, Friar Bacon, and Tſaac Hollandus +. 
45 ere it is very remarkable what Cuaine- 


Il. —_ who lived at the beginning of the fif- 
1 teenth century, declares ; viz. that, © a cer- 
65 ain hermit and great alchemiſt of thoſe 
oſo times, after having labour'd many years in 
5 his way, at length diſcover'd that the great 
145. 5 pou es of alchemy were vain ; whence he 
* k himſelf to the preparation of medi- 


f See Hip. ds da Med. p. 7844 786. 


© trine of the three chemical principles; from whence Paracelſus borro 
* F 2 


after this exam 


rently coin'd ; the one from 
He was 


red antimony ; 


ictous. Yet the 


e is ſuppoſed to have 


ed 
uy 
cines, and commenced phyſician.” Guai- 
nerus adds, that himſelf alſo was obliged to 
this hermit for communicating to him ſeveral 
good remedies of his own diſcovering ||. And 
it appears, that many other 
diſappointed chemifty turn'd phyſicians, 
Account of Baſil Valentine, 

(off wo —— has taken pains to — 
9 is author was prior to Paracel, 
* a hundred years; and that he lived veg 5. 
And ſome fix his birth to the year 13944. 

« 2. His writings are much commended, 
and much ſought ; tho' there are ſome ſpu- 
« rious pieces tack'd to them. He wrote all 
«in Hy 
4 have tranſlated into Latin. In expe» 
«*« riments he may be ded. on for his ex · 
« actneſs and veracity : his ſtyle is clear, open, 
« and pure; except when he treats of his ar- 
« cana, and particularly of the philoſopher's 
« ſtone; where he is as obſcure as the reſt. - 

« 3. He ſhould ſeem to have been the firſt 
« who applied chemiſtry to medicine ; for 
« after every preparation, he never fails to 
« give ſome medicinal uſe thereof. Heit was 
> ſikewiſe who _ 2 the 2 of 
« the three chemi rinciples, /alt, fulphur, 
« and mercury, which Paracelſus ne 
« appropriated ; and it might be ſhewn that 
« Paracelſus, Helmont, the elder Lemery, and 
© many others of modern fame, owe a great 
« part of what is moſt valuable in them, to 
« this author: ſo that it is not without reaſon, 
that he is judg'd the father of the modern 

« : 


* See Juncker, p. 18. And the appendix to Stab/s Fundamenta Chemie.” 


See Guainer. de Paralyſ. c. 7. 


35 
Aathors in the 


medicinal 


part of che- 


miſtry. 
: 
Bafil Valen- 


Dutch ; and but few of his pieces 


36 


Clemical and 31. (11) After the five laſt mentioned authors ap 


alchemical 
Phyfieians. 
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many of his doctrines. He wrote a multitude of pieces, all very diffuſive, 


and ſome likewiſe on the art gf phyſic (7). 


footing amo 


pear' d;; an opinion 


ot 
the chemiſts, as we already intimated, that all diſeaſes of theh - 


man body might be radically cured, perfect health reſtored, and life prolonged 


toany number of years, by means of one fingle alchemical medicine. 


PufPd 


Elated with up with this notion, wherein they were not a little confirm'd by the efficacy 


ſome ſucceſs. of ſome violent remedies, procured by chemiſtry, the chemiſts 
tend their empire over the whole 74 
overſpread with the ſubtile figments of the 

brales without meaning; in effect it was Galenical all over, and directed 
ly by the deciſions of the Arabs. Hence the phyſicians were unable, 
Lending, purging, and the few efficacious medicines in uſe, to cure 
the venereal diſeaſe, which had then lately made its ap ce. 
chemiſts attacking it with more powerful medicines, and 


Eſpecially 
curi 

L u 

diſeaſe by the 

ue of mer- 

cury. 


But p 
Hetle. 


and 


abſo 
by their 


began to ex- 
art. At that time phyſic was 
choolmen; and couch'd in words 


But the 
arpus in particular 


with mercury, diſcover'd the cure; which increaſed. the triumphs. of chemiſtry, 


and utterly baffled the Schools. 


32. This gives us a melancholy idea of the ſtate of the phyſicians in thoſe 
times; who, after infinite pains employ'd in enquiring into the nature of the 
human body, and thence tracing the riſe and cure of diſeaſes ; had the mor- 


tification to find all their laborious writings on etiologics,. diagnoſtics, prog- 


noſtics, diætetics, and therapeutics exploded, as idle and uſeleſs, by the arro- 


gance of alchemiſts; who without regarding diet, or attending to the cauſe and 1 8 


nature of the diſeaſe, cured all by the mere application of one ſingle medicine. 
33. But this ne notion that obtain'd at firſt, and found many partizans; 
when it came to be more maturely weigh'd, was found vain, empty and de- 


1 chemiſts, and the founder of the chemical 


pharmacy. 

0 4 Van Helmont writ upon the alcaheſt, 
vor univerſal menſtruum ; and Zweſfer, pre- 
« tending to know his ſecret, deſcribes it as 
«a tion of vinegar and verdigreaſe 
= ald, till the verdigreaſe diſappears. But 
« Otto Tachenius ſhews, that Zabel 2 borrow'd 
the whole proceſs from a book of Valen- 
« 7zine's, entitled, Stangieft ; where indeed it 
« is deſcrib'd in terms plain enough. So the 
« ſal volatile oleoſum, which Sylvins de le Boe 
«has long had the credit of; and many other 
« ſecrets that make a fgure-in- the modern 
« authors, are originally derived from Baſil 
« Valentine.“ | 4 
- (r) His chemical writings are: 1. Opus a 
—_ printed in the Thear. Chym. T. IV. 
Þ- 1001. 

2. De magno lapide antiguorum ſapientium : 
on the great ſtone of the ancient —2 Ex: 
tant in Mang. Bibl. Cm. T. II. p. 409. 

3. Practica, una cum Al clavilar. & ap: 
ce ; practice, together with. the twelve 
5 an appendix. Tranſlated out of 
High-Dutch into Latin, and publiſhed with 
Mich. Majerus's Trias aureus. France. 1618. 


ſtructive; 
4to. Alſo with the Muſeum. hermeticum re- 


ormatum & amplificatum. Francaf. 1677, and 
4675. 4to. And in Mang. 2 Ens 1. II. 


p-. 413. 
lation. E. 1624. vo. 
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4. Apocalyp/is Cmica: or, chemical reve- 9 


5. Currus triumphalis antimonii : or trium- 


phal chariot of antimony :. tranſlated into L-- 
a. commentary by 


tin, and. illuſtrated wit 
Theod. Kerctringius. Amft. 1671.-12mo. 


6. Tractatus chymico-philoſophicus de rebus | 


mineralium. A. 


naturalibus metallorum & 


chemico-philoſophical treatiſe, concerning 
morals 


things ſupernatural in metals and 


Francof. 1676. 8vo. 

7. Chymiſche ſehrifften alle, &c. that is, all 
his chemical writings, both printed and- ma- 
nuſcript, enlarged and amen 
into two parts : in 
8vo. with figures. 
8vo. 

8. See alſo Ba/i Valentine's laſt will and 
teſtament, with his manual operations, and # 
tract of things natural and ſupernatural. Land. 
1671, 8vo. And his triumphal chariot of 


* Hamb. 1677. 
again, Hamb, 1717: 


' antimony, with the true book of Symeſfus, con- 


cerning the philoſopher's ſtone. © | 


5 and divided: . | - 
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ſtructive; and the boaſts of the chemiſts appeared to reſt only on their own 
ride. Of this we may find abundant proof in the life and writings of Para- 
celſus and Van Helmont, as collected from their own pens. | 
34. (12) Aureolus,  Philippus, Paracelſus, Theophraſtus, Bombaſt de Hoben- A. appears 
beim (s), was the ſon of Milbelmus Hobenheim, a learned man, and licentiate from the hi. 
in phyficz tho? a ſlender practitioner, but poſſeſſed of a noble library; being fn Para- 
himſelf the natural ſon of a maſter of the Teutonic order. He was born in the 
year 1493, at a village in Swiſ/er/and called Enjidlen, which ſignifies a wilder- 
neſs or deſart, about two German miles from Zurich; whence he got the 
appellation of Eremita, or hermit, which Eraſmus gives him in a letter (7), 
35. At three years of age he is ſaid to have been mutilated, and made an 
eunuch by a ſow. Accordingly. we always find him a bitter enemy of the 
women; tho? his picture, as taken from the life, repreſents him with a beard, 
He was inſtructed by his father in phyſie and ſurgery," wherein he made great 
ficiency; but as he grew towards riper years he was captivated with the 
dy of alchemy, which occaſion'd his father to commit him to the care of 
Trithemius abbot of Spanbeim; a man of great renown in thoſe days, from 
whom having | learnt many ſecrets, he removed to Sigiſnund Fuggerus of 
Schwatz, a famous German chemiſt, -who at that time, partly by his own in- 
duſtry, and partly by a multitude. of ſervants and operators, retained for the 
E made daily improvements in the art. And here he aſſures us he 
t ſpagiric operations effectually, after which he applied himſelf to all the 
moſt eminent maſters in the alchemical philoſophy; who concealed nothing 
from him, and from wham, as he himſelf relates, he learnt his ſecrets. 
36. But not reſting here, he undertook a journey to all the univerſities: of 
Germany, Italy, France and Spain, in order to learn phyſic; after which:he 
viſited Pruſſia, Lithuania, Poland, Walachia, Tranſylvania, Croatia, Por- 
tugal, ilyria, and the other Countries of Europe, where he applied himſelf. 
indifferently to phyſicians, barbers, old women, conjurers, and chemiſts 
both 


(5). * 1. Paracel/us comes next on the ſtage; © queſtion ;..and will give his ſtory, not as tis 
«a ftrange, irregular, unaccountable man; — by his profels'd devotees the Para- 


YR? = Feat 


* 


„ whoſe hiſtory will have the air: of 2 para- * ce/fifs ; nor yet from thoſe, who determi- 


« dox, He reformed and alter'd the face of 
« medicine, and turn'd it into. the vein of 
« chemiſtry. Never did any perſorr bear ſuch 
different, inconfiſtent characters. Amidft 
* ſo much diverſity, it will require no ſmall 
< attention and addreſs; to keep the truth in 
* view, and purſue it without deviating into 
any of the tracks of fable and fiction. To 
* hear — — of chemiſts talk, he was no- 

than a god ; nay, tis a tradition, 


W thing 
« which I find feveral le believe, that he 


* 1s not dead, but ſtill lives in his tomb; 
© whither he retired; of the vices and 
* follies of mankind. And et others repre- 
« ſent him as one of the moſt vile, flagitious, 
and worthleſs of the race of men 

* 2. To aſcertain ſomewhat of- the cha- 
© rater of this memorable perſon, we have 
* conſulted all the writers on both fides the 


« nately vilify him at all adventures, as Era/- 
„ut, &c. but, principally, as. delivered by 
J. Oporinus, & ek profeſſor in the ſame. 
« univerſity with Paracelſus; Crate, an il- 
« luftrions phyſician of that time, who con- 


verſed with Paracelſus; and whoſe writings 


« have all the marks of candour and - 
«meſs ; and by Yan” Helmont,” who travell'd 
« into Germany, on ſe to enquire into 
the matter, and ſatisfy himſelf of the truth 
of the tories related of our philoſopher : 
3 to this 2 author we r 
« little on our J as he appears y 
« inclin'd to favour his maſter, and has pub- 
« lickly declared Paracel/us the prince of phy- 
« ficians.””\ 

(%) See the original in Le Clerc Hiſt. de la- 
Med. p. $00: 


De firſt pub. 
lic profeſſor of after recovering the famous printer Frobenius (u) of Bafil;, by which means he 
<2 ace" became acquainted-with the great 


/ 
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both good and bad, from all which he gladly pick'd up any thing that might 
be uſeful 3 and thus enlarged his ſtock of ſure and approved remedies. He 
alſo learnt from Bafil Valentine's writings the doctrine of the three elements, 
which, concealing his author's name, he adopted as his own ; and publiſhed 
under the appellation of ſalt, ſulphur, and mercury. | 

37. In the twentieth year of his age, making a viſit to the mines in Ger- 
many, he travelled on to Ruſia, where being taken priſoner on the frontiers, 
by the Tartars, he was carried before the Cham, and afterwards ſent, with 
that prince's fon, on an embaſſy to Conſtantinople ; where in his 28th year, 


he tells us, he was let into the ſecret of the philoſopher*'s lone. He was alſo 


frequently retained as chirurgeon and phyſician in armies, battles and ſieges. 

38. He ſet a high value on Hippocrates and the ancient phyſicians, but 
deſpiſed the ſcholaſtic doors, and above all the Arabs. He made great uſe 
of remedies prepared of mercury and opium, wherewith he cured the leproſy, 
venereal diſeaſe, itch, ſlight dropſies, and other infirmities, which to the 
phyſicians of thoſe times, (who were ignorant of mercury, and afraid of opium, 
as cold in the fourth degree) were utterly incurable. 

39. By theſe cures he grew daily more celebrated and daring ; eſpecially 


Eraſmus, and well eſteemed by the ma- 
giſtracy of Bail, who giving him a plentiful ſalary, made him (x) profeſſor 
in the year 1527, where he continued to teach philoſophical phyfic two hours 

every day; ſometimes in Latin, but oftner in Hegb-Dutch. ere he read lec- 
tures to explain his own books de compoſitionibus, gradibus & tartaro, on 
compoſitions, degrees and tartar; which, according to Helmont, abounded 
in idle drollery, and contained little ſolid: ſenſe. Here, in a ſolemn manner, 
ſeated in the chair, he burnt the writings of Galen and Avicenna; directing his 
auditors, if God would not aſſiſt them, to conſult the devil and him (9). 

40. Here he procured many diſciples, with whom he lived in great in- 

. timacy : three of theſe he . in diet and clothes, and inſtructed in 
ſeveral ſecrets; tho' they afterwards ungratefully deſerted their maſter, and 
even wrote ſcandalous things of him ; adminiſtring with great indiſcretion the 
medicines he had taught them, to the great ro uid, of thoſe. Who - 

| ploy'd 


() The caſe of Frobenius appears to have 
been a violent pain in his heel, which upon 
Paracelſus's treatment, removed into his toes ; 
ſo that the patient could never ſtir them after- 
wards, tho" be felt no pain, and in other re- 
ſpas grew well ; but ſoon after died of an 

exy “. 

© Aſter his reception, he publiſh'd a kind 
of advertiſement, in the month of June 1527; 
where he himſelf thus : © Being in- 
« vited, with. a 1 ſtipend, by the gover- 
% nurse of Baſil, | wang. { interpret, for 
* two. hours, ev ay, my own. books of 
practical and retical phyſic, natural 
„ philoſophy and chirurgery ; to the great 
«© advantage of my hearers.” In this piece 


. ® See Ls Clere Hit. de la Med. p. 799. 


he takes to. himſelf the title of doctor and 
profeſſor of both the phyſics, (viz. internal 


and external, or phyſic and {i ) tho 

ſo. far as ROE he — gs 

from the magiſtrate to practiſe phyſic in 

Baſil, without being receiv'd profiler in the 
'3) Or declaring. to his audience, that 

« he would even conſult the devil, if God 

* would not aſſiſt him.” The original may 


bear either tranſlation. : but that in the text 


ſeems. the trueſt ; as being conformable to 
his, expreſs declaration in ſeveral places of 
his works, that no one need ſeruple con- 
„ ſulting the devil, to get ſecrets of phyfic 


+ See Le Clic His. ds la Med. p. 799. not. 3. 
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loy'd them. He allo retain'd ſurgeons and barbers in his family; to whom 
be communicated uſeful ſecrets; but all of them ſoon after left him, and 
turn'd his enemies. His only faithful diſciples were Dr. Peter, Dr. Comelius, 
Dr. Andrew, Dr. Ur/inus, the Licentiate Pangratius, and Maſter Raphael, 
whom he of with commendation. 

41. During his (z) two years reſidence here, he cured a noble canon of Liech- 
temfels, who had been given over by the phyſicians, of a violent pain at the 
ſtomach, with only three pills of his laudanum. The fick canon had promiſed 
him 100 French crowns for the cure; but finding it ſo eaſily feed, he re- 
fuſed to pay 3 alledging, with a jeſt, that Paracelſus had given him nothing 
but three mice-turds. 
where the judge, not confidermg ſo much the excellency of the art, as the 

uantity of 
Þorecatic was ſo exaſperated, that loading them with feproaches of ignorance 
and injuſtice, he render'd himſelf in ſome meaſure guilty of treaſon; and thus 
thought beſt to quit the court, and make haſte home. From whence by the 
advice of his friends, he privately withdrew out of the city; leaving his whole 
chemical apparatus to Joan. Oporinus, After this he continued rambling two 
years, thro? the nei . parts of Alſatia, accompanied by Oporinus, and 
in the courſe of a diſſolute life wrought many extraordinary cures z as we find 
related by Zwinger (a), who lived at the ſame time at Bal, and often heard 
the account from Oporinus himſelf, 

42. This Oporinus, who had been for ſome time his ſervantand amanuemſis, 
was a perſon of much learning, well ſkilled in the Greet and Latin tongues z 
who, poſſeſſed with the vain expectation of attaining Paracelſus's ſecrets, left 


his own family and travelled about with him two whole years ; without 


learning any one thing: till weary'd out, he grew wiſe, and quitting Para- 
celſus returned to Baſil. 

43. It happened, one evening, that Paracelſus was called to viſit a coun- 
tryman dangerouſly ill near Colmar in Aſatia; but being ſet in for a drink- 
ing-bout, with ordinary company, he deferred viſiting the patient till next 
* hen entering the houſe with a furious look, he aſk'd if the fick 

on had taken any phyfic ? as intending to adminiſter ſome of his laudanum. 
The by-ſtanders anſwered, he had taken nothing but the facrament; as be- 
ing at the 2 of death: at which Paracelſus, in a rage reply'd ; if he has 
had recourſe to another phyſician, he has no occaſion for me; and ran im- 
mediately out of doors. Oporinus, ſtruck with this piece of impiety, bid Pa- 
racelſus the laſt adieu; fearing the barbarity of his otherwiſe lov*d maſter 
ſhould ſome time fallon his own head (4). 

44. From this time Paraceſſus having forgot his Latin, continued wander- 


ing from place to place; always fuddled; never changing his clothes, nor 


ſo much as going into a bed: till the month of September 1541, when being 


taken ill at a public inn, at Saltobourg, he died after a few mn 


(z) He came to B, in 1 „and had | (a) Threat. 1422. ; 
left the place before June 8, Uo 2 (5) Zuge, Sheatr, 227%, 1 2 


* See L Clere Hiſt, de Ja Med p. 799, 801. 


pon this Paracelſus cited him before a court of juſtice z 


labour and coſt, decreed him a trifling gratification ; with which 


_ 


39 


40 


Hi; works. 
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the 47th year of his age: tho' he had promiſed himſelf, by the uſe of his 
Elixir proprietatis, that he ſhould live as long as Mathuſalem. * 


45. Some of his works were publiſhed by himſelf, particularly the fourth 
part of his, 1. Chirurgia magna, or great ſurgery, which he dedicated to Hie- 


ron. Bonerus, dictator of the city Colmar, June 2. 1528, 
ſtematum, his book of apoſtems, which he dedicated to Conrad Wiſerum, 
Then, 3. De gradibus, compoſitionibus & 


conſul of Colmar. July 5th, 1528. 


tartaro, his books of degrees, compoſitions and tartar. 


Alſo, 2. Liber Apo- 


4. His t fur- 


gery, which he dedicated to the emperor Ferdinand from Munchrath, May 7. 


1536. And 5. the ſecond 


part to the ſame prince, Auguſt 11. 1536. 


In theſe 


he makes mention of ſeveral other pieces publiſhed by himſelf, viz. 


Archidoxa. 
Of cures. 


6. De archidoxis. 
7. De ſanationibus. 


8. De ſanitate*microcoſmi-& elementorum. Of the healthfulneſs of the mi- 


crocoſm and the elements. 


9. Degenerationibus naturalium, Of the generation of natural things. 


10. De ſuppuratione, 
11, De fignis. Of ſigns. 
12. De charaFeribus & adeptis. 


Of ſuppuration. 
Of characters and adepts. 


13. De phlebotomia. Of phlebotomy. 


14. De origine novorum morborum. 
15. De magia. Of magic (c). 
All theſe 


Of the origin of new diſeaſes. 


particulars I have collected with much pains, from the wri- 


tings of Paracel/us himſelf, Oporinus, Zwinger, and eſpecially Van Helmont (d), 
as not daring to take any thing deliverd by other perſons, where prejudice 


and partiality are too apparent (e). 


(0) See alſo the following :- 1. De gradiber 


& compoſitionibus receptorum & naturaliu m, 
Lib. vu. dedicated to D. Eph. Clauſerus, a 
phyſician of Zurich. Baſ. 1526. 4to. 
2. Archidoxerum Lib. x. dedicated to the 
ſtudents of Zurich. Baſ. 1 527. 2 
3. Aur. Theophr. Paracelfi archidexoram, ſeu 
de ſeeretis nature myſteriis, libri x. quibis 
nunc acceſſtrunt libri duo, unus de mercuriis 
metallorum, alter de quinta efſentia ; manualia 
item duo, quorum primus chemicorum wverus the- 
ſaurus ; pofterius preflantium medicorum expe- 
rientiis refertum #1 ; ex ipfius Paracelfi autogra- 
Pho. Baſil. 1582. , 
Paramirica opera; dedicated to D. Jo- 
ach, FYadianu, a phyſician, 1531. March 5. 
5. De natura rerum, Lib. viii. dedicated to 
his friend Job. Wincke/teiner of Friburg. 1537. 
6 raomnia, in two volumes, fol. tin. 
G ere is likewiſe an Engl; tranſlation 
of his archidexa, by F. H. Oxon. 1661. 8vo. 
Vid. Helm. p. 181. F. 3. p. 324, 325, 


Account of Paracelſus. 
{e) © 1. No wonder Paracel/us, in his time, 
4 was efteem'd an excellent phyſician and ſur- 


| 46. 
4 ; for medicine was then in a low con- 
dition: the practice and the very language 
« was all Galenica and Arabian. Nothing 
« was inculcated but 4riffothe, Galen, and the 
« Arabs; Hippocrates was not read: nay, 
« there was no edition of his writings ; and 
« ſcarce was he ever mention'd. Their theory 
« conſiſted in the knowledge of the four de- 
« grees, the temperaments, &c. and their 
whole practice was confin'd to bleeding, 


6« ing, vomiting, and glyſters. 

9 5 Wha contributed Kl more to bis re- 
« putation, was, his becoming acquainted with 
e the excellency of mercury in the venereal 
« diſeaſe, which had then newly broke our, 
« and ſpread itſelf over Exrope. And proba- 
« bly he had the hint of this from Fac. Car- 
« pus, à celebrated anatomiſt and ſurgeon at 
« Boulogne, who alone had been maſter of the 

- cure; which was effected by means of mer- 
&« cury, applied ſo as to raiſe a falivation. 

« 3. *1is probable that the bulk of the 
« pieces publiſh'd under this author's name 
« are not his, but that his followers choſe to 
« uſher their performances under that cover. 
« In effect, they are ſo many, and ſo diffe- 

| rent 


= < hand. A 
& © which he lectur'd in public, there are ſome 


in the year 1577, viz. 36 years after 


c cont from each other, that "tis next to im- 


« ble — ſhould all come from the ſame 


yet, beſides the three books 


« others that ſhould ſeem to be genuine: ſuch 
eis that de peſe, of the plague ; that de mi- 
« neralibus, of minerals; that de vita /onga, 
« of long life ; and the archidoxa medicine, 
„which was publiſh'd by Bodenfieyn, while 
« Paracelſus was living, or at | oon after 
« his death. 

5 « 4. This work is called archidoxa medi- 
( cine, as containing the principal rules and 
„ maximsof the art. Nine books thereof were 
« publiſſd at firſt: and the author in the 
« 5rolegomena to them ſpeaks thus. [I in- 
« tended to have publiſhed my ten books of 
« archidoxa ; but finding mankind unworthy 
of ſuch a treaſure as the tenth, I keep it 
« cloſe in my occiput ; and reſolve never to 
bring it thence, till you have all abjured 
« Ariftle, Avicenna, and Galen, and have 
<« ſwore allegiance to Paracel/as alone. 

« 5. However the book did at length get 

« abroad ; tho' by what means is not known: 
«* it-is confeſſedly an extraordinaay piece, and 
„ may be rank'd amongſt the principal pro · 
* ductions that have ever a 'd in che- 
< miſtry. Whether or no it be Paracelſus's 
« we will not affirm; but there is one thi 
« ſpeaks in its behalf, viz. its containi 
% many things which have been ſince eric 
up for great noſtrums ; and Yan Helmon!'s 
_ « lithontriptic and alcaheſt are apparently 
taken hence. The following paſſage of 
« Hel/mont may have occafion'd much ſpecu- 
lation: (“, To diſtil the volatile ſpirit of 
« ſea-ſalt, in order to diffolve the ſtone in the 
« bladder, digeſt ſea-ſalt for a month with 
juice of horſe-radiſh ; and then diſtil the 
whole: what riſes is the ſpirit of the ſalt ; 
< of ſingular efficacy in diflolving the ſtone 
« either in the bladder or kidn wy How 
 Helmont came to know that ſea-ſalt would 
< ferment with radiſh-juice is ſurprizing ; 


< there being no hint of the thing in any of 
his other writings : but our wonder will 
< ceaſe upon reading the in expreſs 


terms in the tenth book of archidexa. And 


the whole book of the alcaheſt is apparent! 
taken from the ſame. a 


* 6. Amongſt the ine writings of Pa- 
* racelfics, me ut —, that de orty 
5 rerum naturalium, de transformatione rerum 


raturalium, and de vita rerum naturalium. 
1 


— 
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46. (13) Jobn Baptiſt Van Helmont, was born of a noble family, at Bruſſels, 


the death of Paracelſus. He loſt his 


father 


« The reſt are ſpurious, or very dubious at 

« beſt ; icularly the theological works. 

40 ith reſpect to his merits as to me- 
« dicine and alchemy ; it muſt be own'd that 
« an arrogant aſſuming air infected all his 

« writings, as well as his actions: it was 
common with him to promiſe mighty things 
« with compleat aſſurance ; upon ftender and 
« unequal grounds. A ſtrong inſtance of his 
« weakneſs in this kind is his undertaking, 
by the mere uſe of his e/zxtr proprietatis, to 
< prolong a man's life to the age of Methu/a- 
„ kh; and deliberating with himſelf to what 
period he ſhould protract his own. This 
*« argues his . to imagination more 
« than experience: for, as he died a young 
« man him . certain he could not have 
« experiments ſufficient to warrant any ſuch 
thing; nor did he ſpeak of his own E 
ledge, as a phyfician ought to do, but purely 
« out of caprice. 

4 8, We know not how it is, but the body 
« of chemiſts, both of his and our times, bave 
« complimented Paraceſſus with the know- 
« Tedge of the univerſal remedy ; and he him- 
« ſelf is at the head of the opinion : he ſwears 
« by his own ſoul, and calls every god in 
« heaven to witneſs, that with one ſingle re- 
« medy red from metals, he was able to 
« cure alt diſeaſes, be they what they would. 


But Helmont, who knew as much of Para- 


i celſies a8 any man, does not believe a word 
of it; and tho” he is always commending 
« him, warns us not to truſt him; adding, 
„ that his writings are full of babble. His 
«own hiſtory rds no great proofs of the 
« thing ; nor have we any competent teſti- 
« monies of other writers. But what effec- 
< tually overthrows his pretenſions to ſuch a 
« remedy, is his own dying at an immature 


age. 
« 9. His real merit conſiſted, t. In bei 

* kill'd in ſurgery, and praQtifing it 
« with great ſucceſs. 2. In underſtanding the 
common practice of phyſic, as well as his 
« cotemporaries. 3. In being alone maſter 
« of the powers, — uſes, Sc. of 
« metals. 4. In having the uſe of opium to 
« himſelf, and working wonderful cures there- 
« by. And, 5. In being well acquainted 
with the virtues of mercury, in an age, 
« when only he and Carpus knew any thing of 
- <—_ his being poſſeſs'd of the 
10. As to i Sd 1 
« loſopher's ſtone, there are no — 
4 08 .- * proofs 


4x 
1577. 
Van Hel- 
mont. 


> 
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father in 1580; and 
. conſent 


« proofs of it, and many ſtrong ones to the 
«* contrary.” _ . 
11. The judicious M. Le Clere pas given 
an excellent ſketch for the hiſtory of Para- 
celſus, at the cloſe of his hiftory of phyſic the 
concluſion of which ſketch, as ſumming up 
the eyidence, and ſetting the matter in a clear 
light, may be acceptable in this place. His 
4% manners and his conduct are not to be de- 
« fended. In reading his works, it is eaſy 
to obſerve that he had a heated and diſor- 
„ der'd imagination, full of the crudeſt no- 
« tions. ; whence it is no wonder he gave into 


46 aſtro , * „ chiromancy, and the 
2 855 were extremely common 
< and lar things in thoſe ignorant ages. 
He ſays expreſſly that medicine muſt be 
join'd ta magic, or it cannot be ſucceſsful : 
« by which he does not mean . 
« only, but declares that no one need ſcrup 
6 getting certain ſecrets of phyſic from the 
devil z. and boaſts, of holding convexſation 
« with Galen and A at the gates of 
« hell. In ſhort, he has uſed all the poſſible 
means to perſuade the world that he was a 
real magician ; ſo that if he has fail'd in 
< the attempt, it is his misfortune. Indeed. 
« it has — 22 inion —— 
was one; but for m t, I judge he was 
«© rather an impoſtor * Murer. 
12, But among the bad things that his 
„works are ſtuffed With, there are ſome that 
«« are. good, and contribute to the improve- 
ment of phyſic. What he ſays againſt the 
common notions that had prevail'd from 
the time aff, 2 the effects 2 of => 
primary qualities of ies, vix. 2.6 
40 Feld, nd, moiſt, has ſomewhat, open'd the 
« eyes a 8 He calls the . 
« r:flotle,. a wooden foundation; 7 
« hom 4 a beter een 
40 on it, and promoted a di 
ede 
46 pinion of ſeeds, all which he ſuppoſes ex- 
« zſted from the beginning, prevails to this 
** day among the moſt knowing, who have 
[prod ng ge th en ge 
alt, /4 A mercary,' has great utes 
vo hilolophy and == <1 if Lak not as 
real elements, but as active principles in 
% bodies. It is alſo maniſeſt, that he had a 
great knowledge of the materia medica, 
and beſtow d much time and pains in work- 
ing upon animal, vegetable, and mineral 


De Pet. & Nov. Med. T. 2. p. 651. Guntheriu was cotemporary with Paracelſus, being 


horn in 1497, and dying in 1574, 


% number of ex 


being the youngeſt child, apply'd himſelf, againſt the 
his mother, and without conſulting his friends, to the ſtudy of 


phyfic 
« ſubſtances ; ſo as to have made a v 
iments ; but then has 
this great ct, that he ftudiouſly con- 
% ceals, what a long courſe of experience 
had taught him upon this ſubje& ; ſo that 
* the ſhort critic of Gunther d Andernac is 
1 extremely judicious : [© I allow, fays he, 
that Paracelſus was an excellent chemiſt, 


Land that he has deliver'd many good things 


« in his writings 3 but, on the other hand, it 
«is pity he ſhould have mixed them with a 
© number of others that are falſe and frivo- 
« lous ; and at the ſame time have cover'd 
e the beſt of all with ſo much obſcurity, that 


«* ſcarce any one can underitand what. he ſays, 


«or make the leaſt advantage of it. I wiſh 
Galen had been leſs diffulive and more ex- 


act in his works, and Paracelſus more clear 
and candid; but as 


ſhould = — 
„ ings, we ain what appears to 
good, and leave the reſt.“] _ 

iven à juſt, 


1g. The Lord Bacon has 

tho” ſevere, cenſure of Paracelſus, in his phi- 
loſophical 2 to this eſfect: Para- 
« celſus,. ing at the head of the chemiſts, 
deſerves to be ſeparately chaſtiſed as a mon- 
© ſter. What Bacchenatian oracles are thoſe 
— Een Þ All ther £9: 
„ diculoufly. aping.of Epicurns ? t Zpi- 
* rn — W is but — 
'*« which he unconcernedly left to its fate ; 
* but Parace//us, blinder than fate, and more 
« raſh than chance, is ready to avouch the 
*« abſurdeſt falſhoods, What dreams of re- 
„ ſemblances, correſpondences, and parallels, 
axe given us by this fanatical linker-together 
« of ele His three principles indeed might 
de receiv'd with ſome utility, as having a 
« foundation in nature: but he is continually 
uv reſting them to every thing, according to 
his great dexterity, in deluſion. But this is 
*© not. the worſt af him: for like a ſacrile- 
60 grous impoſtor, he has mixed and polluted 
divine things with natural, ſacred with pro- 
„ phane, fables with hereſies, and human 
*© truths. with religious; ſo as not like the an- 
*-cient Sophiſs to have hid, but extinguiſh'd 
the light of nature: The Sophifs were only 
© deſerters. of. experience, but Paracel/us has 
« betray'd it. At the ſame time he is fo far 
from underſtanding, or juſtly repreſenting 
© experience, that he has added to the trouble 
and tediouſneſs of experimenting. . In ſhort, 


© he has every where, to the utmoſt, 17 5 


4 
-% - 
iS 
— 
1 1 
* E 3 
_ 
1 
E 
"'F N © 
* 
% 
* 
4 
# 
- 
* 1 
£ 
* 
7 
«4 
8 
2 4 4 
. ? 
42 
72 
FE” 
EE 
be 
= 
= 
_ 
1 4 
x 
N 'E 
: * 
ba” 


—_ an 
6 — 3 
T4 2 — 


EFF oo Xx a 
P "4 8 + rd 
" Ar SS at's a 
">: 7 . l F 
- pal l 3 
a l —_ 
* * 4 


The Hiſtory of CanMisra'y: 
phyſic (e). He finiſhed his courſe of philofophy in the year 1394, being the 
17th of his age (//, when he was noted for a great reader, having read Galen 


twice, Hippocrates once, and all the other phyſicians, both Greeks and Arabs, 
© with great care; and even common-placed the more remarkable paſſages in 
© them. When, going to Lovain, he was appointed, by the profeſſors Thomas 
= Tyenus, Gerard Villers, and Hernius, to read public; lectures on chirurgery, 
in the college of phy ſicians (g). In the aad year of his age, being the year 
1399, he was created doctor of phyſic, at Lovain (4), where he had began to 


ſee thro? the inſufficiency of the ſchook-phyſic, long before he had diſcovered 
any better medicines of his own (i). Happening to be troubled with a flight itch, 
which he could not get rid of by the ſchool· method, but which was eaſily re- 


x moved by means (Y of ſulphur, he repented having ever devoted himſelf to 
the ſtudy of phyſic ; conſidering the nobleneſs of his birth, and that none of 
his family had hitherto ſtooped to ſuch a proſeſſion. On theſe, motives he 


o . 


© threw it up; divided his fortune among his relations; and quitted his coun- 


try; with an intention never to return (/). His books to the value of 200 
crowns, he threw aſide (m) z and ſetting, out for foreign countries, rambled ten 
whole years (v); till being inſtructed in chemiſtry by a certain, illiterate, per- 
ſon, he apply d himſelf wholly to that art: and having in the compaſs of two 
228 obtained a few chemical medicines (o), he became capable of curing ſome 
S8. | 6 1 5133-4 {b) Jury tw iz ? rs 
47. In the year 1609, he married a rich, noble, and virtuous wife, with 


© whom he retir'd to Halwcerd. where he gave himſelf wholly up to the pur- 


ſuits of chemiſtry (v): during his noviciate in the art, he tried many dange- 
rous experiments, which — LAI his life () And tho? he.did 
2 not 


* fied the abſurd pretences of nidgicians, wie do not accuſe them all in the lamp; but 
countenanced ſuch  extravagancies, and en- make a difference betwixt that little! ſer- 
** couraged others to believe them from his * viceable ſet, who being not very ſollicitous 
on aſſurance ; being thus at once the wor about railing of 8 
and ſervant of impoſture. His diſciples tiſe a certain mechanical ſubtilty in making 
00 greedily ſwallow thoſe doctrines, which he new diſcoveries, with their uſes; more after 
gas rather 122 and promiſed, than the manner of Friar Bacon than Patatel/us; 
actually laid down and made and de- and diſtinguiſh theſe from that impious 
on fended with arrogance inſtead of caution 3 tribe, who endeavour only at procuring ap- 
„being thus recommended with pom «« plauſs to their theories, and court aud beg 
* ſhew, affinity with religion, — it under a pretended zeal for religion 
* of obſcurity, and other impoſtures. Aud iſes, and the arts of impoſtures w 
©* hence his followers xr link'd to one an- is the way of Baſil F alentine, and molt of 
other by the lying ſpirit, that ſhews itſelf * the alchemical authors 9. | ; 


In their ſweln hopes and promiſes... How. ( Vids Helm. p. 833. 


© ever, by 8 the wilds of CF). P. nz: 6. 1. 
t experience, they etimes ſtumble upon P. 833. 
_ - uſeful diſcoveries 3 not by. reaſon, but by' N Nr „ 

= © accident; whenee Wees to form the- ( P. 423. . 2. 

| © ories, they plainly carry ſmoke and () P. 256, 257. 
* {arniſh of their art along with them; and (% F. 2 
like childiſh operators at the furnace, at- ( P. $. 12. 
© tempt to raiſe a ſtructure of philoſophy with” (#} P. 11-4. 12. 
2 few experiments of diſtillation ; their 0) P. 833- 
© own idols of ſeparation and mixture, where by P. 41. 6. 7. p. 893, to $38 

no traces of them are really found. Vet (5) F. 719 948. . 

See Lord Bacon's works, 4to. Vol. II. p. 55, 66. 
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The Ep of ca. 


not viſit patients and practi 


iſe phyſic for gain (7), he aſſures us he cured 


every year ſome thouſands of fick people (s). He ſpent fifty whole years in 


diſtillations (7), He was in high 


eſteem with the eleforal biſhop of Cologne, 


a prince eminently ſkill'd in chemiſtry ; and was invited by the emperor Ru- 
dolpb, and two other emperors, to the court of Vienna; but he always refugd(). 
In the year 1624, he publiſhed a treatiſe, printed at Liege, de aquis Spadanis, 
or, of the Spaw waters, and afterwards ſeveral other pieces (x). 

48. He was not able to cure two of his ſons, whom he loft of the plague (y), 
nor his eldeſt daughter of a leproſy, tho? he practiſed on her full two years(z). 


Nor could he cure his wife, nor his maid ; nor himſelf of 


iſon (a). 


In Ja- 


nuary, 1640; being the 63d year of his age; he was ſeized with a fever, at- 


about the Sternum, a difficu 
matter, then of pure-blood. 


tended with a light ſhivering, which made his teeth chatter ;- a prickin 
ee of reſpiration, and a atting firſt of bloody 
or the removal hereof, h 


the penis of a ſtag, upon which the pai 
t's blood, = the ſpitting of blood 


ight cough, with a moderate ex 


pain 
e took ſhavings of 
leſs; then he took a dram of 


p'd for four days ; leaving only a 
ion: but the fever ſtill remained, 


and was followed by a pain in the ſpleen ; for which he took wine boil'd with 


crabs-eyes 


z whereupon all the ſymptoms diſappeared (3). In the year 1643, 


he was ſeized with a Syncope, oecaſioned by the ſmoak of charcoal (c), which 
he cured with ſulphur of vitriol (d). On the x8th of November, 1644, he fell 
into an aſthma, attended with two fits of a pleuriſy ; and after languiſhing 
ſeven weeks, died of a ſlight fever and extream weaknefs, on the 3oth of De- 


cember, 1644.—See his ſon's preface to 


liſhed after his father's death (e). 


(r) P. 693. f. 3 

00 FP. 835. 

(z) P. 241. f. 1. 
F. 833, 835. 2 | 
(x) See Pennies Sands. Col: 
1 . ” | 
P. 873. | 
8 2 * 27. 


(a) 1 1 
25 0 _ 25 
(P. 5 
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1 
Account of Van Helmont' Works: 
(e) © 1. During the retirement of this au- 
« thor at Wi/woord, he examin'd, with great 
= and induſtry, all kinds of bodies, 
« foſſile, vegetable, and animal, in a chemi- 
« cal way; and thus firſt furnifhed a new body, 
« or courſe of chemical knowledge. Here 
« he made thoſe noble experiments and diſ- 
« coveries of oil of ſulphur fer campanam, 
„the laudanum Puraceſſi, ſpirit of hart's-horn, 
I pirit of human blood, , volatile oleo/. 
&c 


« 2, Having conceiv'd a ſtrong prejudice 
« againſt the Calenical method and medicines ; 


ses his Opu/cula medica inaudita, Col, Agr. 8v0, 1644. 


from his own ill ſucceſs upon applying them 


ce 


- «that 


all his father's works, which he pub- 


49. 
in practice; and finding chemiſtry produc- 


A tive of ſo many, and much more powerful 


« remedies, he · run counter in every thing to 
« the Galenic ſchool, and reduced the whole 
« art. of phyſic to —— of chemiſtry. 

uch views he began to write: his 
« firſt piece was of Spa- cuaters, printed at 


. 7 Liege in 1624, as above- mention d; which 


him conſiderable eſteem : there are 

* good things in it, and but little of 
opmionativeneſs and boaſting, which 
« ſhew'd-itfelf in his later works. He had it 
„ reprinted the ſame year at Co/opne, with 
new experiments. In 1644, he publiſh'd his 
« ſecond-piece, dr hamoribus, of the humour: ; 
« a third, de febribus, of fevers; and a fourth, 
«de lithiafi, of the flone ; which are all the 
« books he publiſh'd in his life-time . Soon 
« after the publication of the laſt he died: ſo 
that the ſuggeſtion of ſome eminent che- 
« miſts, that He/mont had chang'd his ſenti- 
ments, and had got quite other things in 
view, appears without any ground. | 
43. As he perceiv'd his death — — 
ing, he call'd for his ſon, and gare im the 
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The Hiftory of Cnnnuis Tay, 
40. Hence it evidently ap that theſe two authors, Paracelſus and 
Helpont, who are the — jr all the chemical phy ficians, were not maſters of 


a= a] : 
xx 2 
4 


| the univerſal remedy, which they ſo often boaſt of; but in chronical caſes fre- 


i 


Bat for all their vain pro 


( ſollowin [Take all my writing 
the crude, as well as the finiſh'd ones; and 
join them together: to your care I commit 
= © them; do with them what you think good. 
For ſo it has 1 almighty God, who 


= © directs every thing to the beſt purpoſes.] 
This ſon was a perſon of thought, 
© < but a little tainted with enthu and in 


= *© his father's life-time had ftroll'd about with 
4 a gang of gypſies. After the father's de- 
= © ceaſe, he acquitted himſelf of the truſt ; 
„ publiſhing them juſt as he found them, with- 

* <« out any regard to order, conſiſtency, or cor- 
= © rectneſs ; and beſide, truſted the impreſſion 
= © principally to the printer: ſo that we fre- 
« quently find He/mont relating things in one 
| © place, which he contradicts in another. And 
* © indeed tis no wonder we don't find the ſame 
= tenor throughout ; for as chemiſtry grew 
e under his hands, and as many new views 
«muſt turn up in forty or fifty years, which he 
« ſpent in gradually,improving the art ; it is 
« eaſy to conceive how there ſhould ariſe a dif- 
« ference. 

« 4. The pieces publiſhed by himſelf are 
« all excellent: that of zbe font is incompa- 
« rable, and the beſt: that of fevers is a va- 
*luable work: and that of the humour is a 
« fine piece. The Galenicul doctrine of the 
« four elements, four qualities, four d 
9 _ four er pony 2 the method of cure 
« by temperi ces, are here clearl 
« and ande prov'd 8 be falſe and inf 
« ficant. e treatiſe of the plague, which is 
Tone of the poſthumous pieces, has many 
: things, tho' it does not come up to 
& © the merit of the former; But the reſt are 

= © all ſo much inferior, that one would never 
1 2 to have come from the ſame 


5. The beſt edition is that of Amferuum, 
© in quarts, apud" Kkzevir. In the Fenetian 

edition in folio, there are ſeveral pieces not 
© Helmont's: and the ſame may be ſaid of 
© that lately publiſh'd in Germany. 
| 6. If his moſt ſolemn proteſtations are 
— of a weight, he ſhould ſeem to have been 

poſſeſs d of the univerſal medicine: a thing 
which he inculcates in almoſt all his wri: 
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tly wrought extraordinary cures by means of violent remedies, where the 
# Pouflitation of the patient was ſtrong enough to endure the action thereof, 
miſes of long life, neither of them arrived at old age. 


They were ſucceeded- by the following famous phyſicians, 


50 


ce tings. His notion of the origin of ſuch an 
« univerſal remedy, is very peculiar, and ſa- 
« yours of that enthufiaſnr,, which was a part 
« of his character. No poiſon, ſays he, can 
act on a carcaſs : there muſt be life to ' 
« duce an eſtect: this life he calls arches ; 
sand aſcribes both knowledge and underſtand- 
« ing thereto. If now any heterogeneons body 
« happen to be preſent to the arches, it riſes 
„into a fervour, endeavours to expel the ho- 
« ſtile matter, and in order to t, exerts 
«all the force of the body. To cure any, 
« diſeaſe, therefore, is to pacify and Pre 


9 doartne of Helmont wodld not. 
« be ſo abſurd, did he not aſcribe underſtand- 
« ing to his archeus. Setting this afide, the 
« principle which renders poiſons deadly, and 
<« remedies beneficial, is the circulation of the 
blood. No doubt but Helmont was appriz'd 
of this before he died. For Harvey had 
« publiſhed” his diſcovery ſome years before; 
« which Helmont could not but 
* he might chuſe to diſſemble the matter, as 
* it untwiſted a large rt of his ſyſtem ; which 
he might want leiſure or inclination to re- 
« form and model anew.” 


« 8. From Paracelſuss and Helmont's time, 


« the number of chemiſts and chemical writers 
« grew immenſely; ſo that to rehearſe them all 
« would be endleſs, In Borelli's bibliotheca chy- 
« mica, printed at Heide/berg in 1653, no leſs 
« than four thouſand writers, already extant, are 
«enumerated ; and yet he mentions none but 
« thoſe of his own knowledge. Others, who 
« took more ſcope, found above double that 
6 2 _—_ 9 It Ae 
that the years elapſed ſince, | 
« more china} the 6 es before. | 

« g. Here, re, we muſt end our” 
«career ; the field is too vaſt to enter on. 
« We have conducted chemiftry from its riſe” 
* to its ſtate; its progreſs is now at an end: 
c we ſhall only here obſerve, that as it is not 
«only a dark and intricate, bat a e 
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Method of 
fludyiug che- 
miſtry. 


Writers of 
Stems. 


The Hiſtory of 'CunuiTay. 


30. Francis de le Boe Sylvius, Otto Tachenius, and their followers, con- 
fributed ſtill further to the introduction of chemiſtry into medicine; ſo as to 
render the latter intirely dependant, both as to practice and (ſpeculation, on the 


former. 


From the whole of what has been hitherto delivered, it appears moſt advan- 
tageous to a novice, at his entrance on the ſtudy of chemiſtry, to begin with 
Feen the authors ho have reduced the operations into the form of ſyſtems: 


chief of which are the following. 


CLASS 1. Syfematical Writers. 
51. (1) Ofwald Crollius (f), in his Baſilica cbemica (g) cum notis Jo. Hart- 


manni. Genev. 1658. 89. 


52. (2) . in his Tyrocinium cans, often printed in 80. and 


229 (b). 


xt; fo ann muſt p 


not only with addreſs, but caution, 


dangerous: 
< may either immediately fu 
„ flen a weakneſs for ever; and an author 
<« who, relates an experiment, without expreſ- 
« ſing every ci nee thereof at 


event of every operation depends on theſe 
* a one circumſtances; and an alteration in 


y one, may not only prevent the ſucceſs 


4 «i the whole, but even render it unexpec- 
-« tedly fatal. We proceed therefore to fingle 


« gut " this valt number, thoſe we would re- 
© commend. for their exactneſs and . 


in teaching the fundamental 
'« miſtry: and theſe we ſhall re ws into four 
« claſſes, _ (1.) The r/ claſs. includes the þ/- 


« trematical writers, or thoſe who have col- 
* lected all the known operations into a body, 
«and digeſted them in the form or order of 


« an art or inſtitution, for others to learn by; 

of NE with ſome addition of their own. 

« reaſonings at the end of each operation. 

4 4 625 The ſecond claſs ry 8 me- 

urgical writers. ir 

« comprehend the 888 on alchemy. 2 

© (4;) The fourth thoſe that have app 2 

* miſtry to the uſes of 2 . 
medicine, and other 

Account of Crete. 

. Crollius was a Heſſian, and x nyſician 

in ordinary ta Chr; ian, prince of Azba/t. 

He was a p L pp but a ſanguine 

follower of Paracel/us : even in his extrava- 

gancies jy ne: virtues, =p chiro- 

phyſiognomy, gnomes, 

25 and n 4 me K 

z on which he endeavours to 

the art of phylic And yet the chemi- 


lunar 


That 
t which relates to metals, is remarkably 
The ſingle vapour of arſenic, 
or occa - 


large, is 
not only uſeleſs, but even dangerous. The 


53. 
cal proceſſes be deſcribes are generally faith- 
ful and exact. He dedicates is book to the 

rince of Anhalt, from Prapue 1608. It 
— the ways of preparing ſeveral chemical 
medicines, which are now commonly , 
His Works. 

) The original title is, Baſilica chymica, 
þbi N propria laborum experientia confir- 
matam, 3 & uſum remediorum chy- 
micorum ſelectiſſ. 8 lumine gratiæ & nature 
deſumptorum * pp" that is, the chemical 
court, containin ae ges- deſcrip- 
tion, and uſe of the iceſt chemical reme- 
dies, drawn from the light of nature and 
grace, and confirm'd b own experience. 
At the end is added, the ſame author's 
Traftatus novus de fignaturis rerum internis, 
or a new treatiſe of the internal ſignatures of 
things, Francef. 1609. 4to. Reprinted in 
1611, 4to. 1620. 4to. and 1622. 8vo. 

Cam augmento Jo. Hartmanni. 


Lipf. 16 2. 
pf: 1634 Gene, 1630, 1635, 1643, and 


1658, 8vo. 
In High-Dutch, under the title 
of Bafflica chymica, Oder Alchym iſli/cb Konig. 


Kleinod, &c, Francef. 1623 and 1647. Fa 
— en Francois, par 2 
a Rauen 1634. Jvo. | 
45 4 e of” nus * king Wo 
inus oner to 
— — 


L. 9 2 Paris 1615, and 
2% 8yo.. 4 Genev. 1624. 8vo. cues 
8vo, a Lyon 1665. 8vo, 

e were — into Latin, and illuſ- 
trated with 2 by Fer. ins, under 
the title of Tyrocinium chymicum. Francyf. C. 
1618, S vo. Afterwards en above one 
half, with notes, and les orms of medi- 


ene, by Chrifoph. Cluctradt Regiomont. 1 18. 
vo. 


ij M 5 2 10 Nicholas le Febure, in his Traité de la clymie. à Paris 1660, & 
1669, 2 vol. 8 vo. & à Leyd. 2 vol. 1669. 12mo. (). 
| 56. (6) Lemery, in his Cours de chymie (m). Leyd. 1716, 8 vo (n). 


Dilber. 
luſtrated with a new comment, by Gher. Bla- 
5 fut. Amft. 1659. 12mo. Of which another 
* ed 


Amt. 
lated into 


WE to the king N 
Tan, and gave public lectures on chemiſſry 


printed at Paris in gvo, 1688. 


53..(03) 


8vo. Afterwards republiſh'd with the notes 
of both theſe editors, as alſo the forms of me- 
dicines, digeſted into one ſyſtem, by Fo. Geo. 
itteberg 1650. B8vo. 7. i- 


ition enlarged and corrected was publiſh'd. 

— 12 mo. This work is alſo tranſ- 
Ai by Richard Ruſſol, under the 

title of — and practical chemiſtry. 

(i) Opera omnia medico-chymica, colleta- & 


is unum Lumen * atque plurilus audta, 
& 4 Conr. Jobrenio, 
ibid. 1690. 


razcef. M. 1684. Folio. 


Praxis clymiatrica, publiſh'd by Zo. Mi» 


* chaclis, and the author's fon Everb. Hart- 
= mannus. Lip/. 1683. to. And with the ad- 
dition of three other pieces, Genev. 1639, $v0.. 
= and 1682. 8vo. 


Account of Glaſer and bis War ks. 
) Chr. Glaſer was apothecary 
France, and the duke of Or- 


and chemical Y pre arations, in the royal garden 
at Paris, His book is candidly and clearly 
wrote, and contains a little ſy tem of chemi- 
cal proceſſes, for 
in an caſy and efteQual way. He keeps cloſe 
to the deſcribing of ſuch operations as him- 
ſelf had frequently repeated, without inter - 
mixing any foreign theory. The book is 
ſhort, and fit for beginners. The original was 
It is alſo 
tranſlated into Exg/ifh by Walter Harris M. D. 
and fellow of the royal ſociety, under the 
utle of the Compleat: chymi/t, ar @ new treatiſe 


of chymiſtry ; teaching by a ſhort and cafy me- 
ea, * 


its moſt necefſary preparations. London 


= 77. 80. It was alſo publiſhed in High 
Doc, under the title of Chamiſcber avegwwijer, 


&C: Jen. 1710. remo. 
Acccunt of le Febure and his Works. . | 
(/)- ** Nie, ls Febure was royal proſeſſor of 
** chemiſtry, and a y to the houſhold 


to king Charles II. He alſo flouriſhed in 


the court of France, as chemiſt to Louis XIV. 
* The beſt edition. of his works is that in 
„ 12mo, He is highly to be commended, 
„both = 22 the art, wich all the 
„ Procefles, and preciſely noting. all the mi- 
aute circumſtances. He is very” faithful 


9. Hartmannus, in his Oper 


in ordinary 


making chemical medicines 


The Hiftory of Cu RUMIST RV. 


a medico-chymica, 1690. Fol. (i). 


Chriſtopher Glaſer, in his Traits de la chymic, Bruſſels 1656. 


57. 


* and accurate in relating his 


the dangerous and fatal proceſſes : but he 
„has this defect, that in his reaſonings he 
has too much of the chemical ſpirit ; and 
talks too 1 85 of the virtues of his me- 
** dicines.. Mr. Beile quotes him under the 
characters I. R ayd mentions his anf primumn 
of baulm, whereby he pretended to reſtore 
youth and vi to old worn-out animals.” 
is Trait? ia chymie was tranſlated into 
Engliſs by P. D. C. Eſqs and printed at Lon- 
don 1670, in 4to, and is enti 
9 of chemiſtry, in two parts : 
whatever is necefſary to be 
with the whole practice of it. | 
Account of Lemery's Nord:. 


containing 


| (mn) Nic. Lemery, cours de chymie, cuntenant 
la maniere de faire les operations qui font en- 


wage dans la medicine, par une methode facile.. 
4 Paris 1675, 8vo. Lyon 1924: Bo. In 
Latin, Gen. 1681. 12mo.” In High-Dutch. 
Dreſaden 5 8vo. In Engizh by Waker 
Harris, M. D. ſecond edit. Land. 1 686. 8vo. 
and fourth tranſlated from the eleventh edi- 
tion of the French» ** The beſt edition of the 
** original is that of Paris in-8vo, 1713. 
which has many things not in any of the 
preceding ones. It contains the principal 
** operations belonging to the three king - 
doms ; all which are deſerib'd - with can- 


5 might ariſe. | > of 
This —ͤ.—— of his has gone thro”. 
ns in various languages; and- 


yet it is il concertod for ſuch as ſtudy. 
the att: he very hardeſt 
part, metals of his pro- 


« with enodicines, — to wn v3 readers 
* in the know | grounds of chemiſtry. 
46 But how: — I eget an art A- 
40 drudge to phy ſic, which, in reality, is the 
«« principal part of natural philoſophy ? 


and — careful in pointing out all 


» 4 complear” 


47 


48 


tirely ſtript of all employment. He 
9 P ploꝝ 


— 


The Hiftory of CunMisTay. 


57. (7) Le Mort (u) in his -Chymia medico-phyfica, &c. Lugd. Bat. 1696, 
1055. (8) Barchuſen (9) in his Pyroſophia. Lugd, Bat. 1698, 4to 71. 22 


Account of M. Lemery the elder. 


1. Monſ. Lemery was born at Rowen in 1645. 


He got his firſt notion of chemiſtry from an 
—— of the place, to whoſe care he 
was committed: but not content with this, 
he went to Paris, and there applied himſelf 
to Monſ. Glaſer. Afterwards he travell'd for 
improvement; and at the end of fix years re- 
turn'd to Paris an accompliſh'd chemiſt. Here 
he exhibited his firſt -courſe of chemiſtry in 
the laboratory of his friend M. Martin, apo- 
to the — of Condt; and afterwards 
d one of his own, which was ſoen re- 
ſorted to both by natives and forei 
that Paris was then the ſeat of _—— 
2. He was the firſt who to diſſipate 
the affected obſcurities of chemiſtry ; reducing 
it to more ſimple and determinate ideas, 
throwing out a deal of the jargon, and ac- 
commodating it to the taſte and philoſophy of 


: o 


0 the time. 


3. In 1675, he printed his cour/e of chemi- 


. fry, which was receiv'd with great applauſe ; 


and tranſlated into ſeveral languages. But he 
Kill reſerved ſome of his ſecrets ; and is even 
ſaid to have contented himſelf with maki 

ſeveral of the operations more eaſy than they 
had been ; without revealing the utmoſt de- 


gee of facility he was acquainted with. 


4. In 1681, the religious troubles —_—_ 
on, M. Lemery, who profeſſed the reform 

religion, was ſoon obliged to lay down his 
courſes : upon which the elector of Branden- 
Bourg invited him to Berlin; but he declined 
it, and came over to Erpland, where he was 
favourably receiv'd by Ling Charles IT. But 
matters not anſwering his expeRation here, 
he return'd to France, and took the degree of 
doctor in phyſc at Gam; but the edit of 
Nantz in 1685 prohibiting the practice of 
phyſic-to thoſe of the religion, he was en- 


the 2 2 faith, and 
thenceforward applied himſelf to pharmacy; 
and in 1697 blitk'd two large 4. waving one 
of them entitled, Pharmacopte univerſelle, the 
other Traite univerſelle des drogues fimples. 
5- Upon the revival of the royal academy 
in 1699, he was elected aſſociated chemiſt ; 
—_—_— after, _— of M. Bowr- 
in, penfionary chemiſt, Here he read his 
Traiti d' antimonie at — times: after which 
he began to droop under old - age; ſurrender d 


r 


| his place in favour of his ſon, and died of an 


Apoplexy in 118. 


His Works. 

6. Beſides his pieces above-mention'd, there 
are ſeveral papers of his in the French me- 
moirs ; viz. 1. An explication of the effects 
of volcano's, thunder, &c, Mem. de Acad. 


Royal de Scienc. An. 1700. p. 131. 2. On 
camphire. Ax. 1705. p. 47. 3. On honey, 


and its chemical analyſis. Ar. 1706, p 352. 
4. On cow's urine, &c. An. 1707. p. 50. 
5 On corroſive ſublimate. Au. r709. p. 50. 
Obſervations upon an alchemiſt eating mer- 
eurius dulcis. An. 1699. p. 69. See alſo Trait. 
de Þ Antimonie, contenant analyſe chymique de 
ce mineral, & un recueil A un grand nombre 
d operations, &c. à Paris 1707, 12mo. Ob- 
ſervationes critiques ſur le traite de anti monie, 
de M. Lemery. a Paris 1707. 12mo. Repon/e 
de M. Lemery aux obſervations critiques ſur ſon 
trait de Pantimoine. Vide Mem. de Trov. 
Dec. 1707. p. 2084. 
(* Le — — chemiſtry 
1) was profeſſor o niſtry in 
the univerſity of — whom our author 
immediately fucceeded. He was a good prac- 
tical chemiſt, and explains the operations of 
the art diſtinctly, by means of the art itſelf; 
of which he was a warm patron, and zealous 


defender. But many of his proceſſes are ſuch 
as have long ſince been diſuſed. He will by 
no means allow of mathematical and mecha- 


nical explanations in chemiſtry; nor the doc- 
trine of attraction; 1 . — 
upon a learned Exgliſb phyſician, w 

attempted ©o explain the lead of che- 
miſtry by their Ce. His works are the 
following. 


His Works. 

1. Fac le Mort chyniæ were nobilitas & 
utilitas in phyfica corpuſculari, theoria medica, 
ejuſque materia & fignis ad majorem perfectio- 
— — 

2. ia medi „ rations & ex- 
perienti nobilitata. | 

3. Chymia medico-phyfica. 

4. Metallurgia —— to all which are 
ſubjoin'd, Collectanca chymica Leydenſia, &c. 
Lugd. Bat. 1696. 4to. with copper-plates. 

5. Jac le Mort de concordantia operum u 
ture mie. Lugd. Bat. 1702. 4to. 

6. Le Mort facies ac pulchritudo clymiæ ab af- 
fectis maculis purificata, & ad veras nature 
artis leges exornata. Lugd. Bat. 1712. 8v0- 


Vid. Add. Erudit. Lip/. 1712. p. 543. 
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© 2 Corr Bare 


en 
4 In the metallurgic (p) part the prinetpal ters ure. 
b 2 (1) Geber, whoſe 225 have been been often reprinted in different 


| 3h (4). 


«« ſeller of chemiſtry at Utrecht; 3 


I ebe be read, as he is an honeſt writer, 


and ſufficiently accurate; and delivers 

© matter in an excellent ſtyle ; tho his rea- 
ſoning perhaps may be faulty. His elementa 
cba are printed in 4to, and corttaim ſe- 
* vera! particular and manual 


experiments, 
we operations no where elſe to/be met With.” : 


His # — 


que brew iter ay 0097. mM, rom ——ů 


8 bes chr, Jopwriam perveſtigans. Lugd. Bat. 1698. 
N - with copper 


2. Acroavnta,” in quibus complura ad iatro- 


ni a am fpetantva, jucunda 
ram Lebe cola Traj. Bac. Bat. 17903. 


E lnenta chemie, 


2 fri 2 egen. 


. Bat. 118. 


7 


75 


Wl 
7. 


on was born Li or yr 
in 1 at 
BS RL CEL - men? 
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wa, 


cd. 2id ob ori) nent 
g . 
Miutellurgical Writers, 


1. (2) George, Agricola de re alien Lib. xi. Sc. Baſ, 1657 (0. 


. * 


0 1 aue 60 that we confile 

„him in metallurgy wy” 30s — 
In the firſt part of metallu 

< diſcovery of metals, he is che © 


1553. e 


1 


bl 


ur 
jj 


1 


18. 


4. vo. 
De rt metallica Lib. xii. quibus me, 
menta, c. Twelve books on the ſub· 

— of metals, wherein the houſes, inſtruments, 

and machi 8 thing belonging to 

metallic are co we eſcribed, oo gas 


repreſented = theo © by Kgures, intel 
| ca repel he el Latin and Ger- 


in an man names thereof. To 
| an names there FP 
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De Hiſtory of CHE Try. 


3. Lazarus Erckern, in his Beſchreibung aller fumemiſten mineraliſchen ertz 
& erks arten, &c. Francof. 1694. under the Title of Aula ſubterranea, 


alias, Probir-buch Lazari Erker (5). - 


4. Joan. Rudolph, Glauber, thro? all his works, publiſhed at different times, 


and in various forms (7). 


S1% 211 ” HEX $$ +7: 
ſame author's book, de animantibus ſabter- 


rancis, reviſed by himſelf. Ba/: 1561. folio. 


To-which in a poſterior edition are added, 
De animantibus aneis, Lib. i. De ortu 


coru m effluunt ex terra. Lib. iv. De ve- 
| pps Bermannus, 


hl 
f 


ty 
N. 
it 


$2 

+ 
2 
4 


1 
— burnt or roaſted ; what rules 
e ſigns are to be obſerv'd therein 3 how 
fire is to be rais d or-diminiſh'd, Oc. 


. kk 


High-Dutch, and printed in 
* folio; and ſo much valued by the curious, 
* that Mr. Boyle laments his not underſtanding 
** that merely for the ſake of read- 
v mg this author, it has been fince 
s tranſlated into Laus *, with excellent notes: 
* ſo that this fingle work might almoſt ſuffice 
** for the whole art of aſſaying.” | 
. The ſame work is tranſlated into E 

the title of Fleta miner ; or, The law 

of art and nature, in knowing, judging, afſay- 


* | ' k 0 © | 5. 
ing, fining, refining, and inlarging the bodies 


of confined metals. To which are added, «ſays 


on metallic words, illuſtrated with ſculptures. 
By Sir J. Pettus, . (683. folio, —But the 

book deferv'd an abler tor. | 
| Account Glauber. 


ft) © 1. J. Rud. Glauber was a celebrated 


« chemiſt of Amſterdam, accounted the Pa- 


% racer of his time. He had travell'd much, 
and by that means attain'd to a great many 
« ſecrets. He wrote above thirty tracts; in 
« ſome of which he ated the phyſician, in 
others the adept, and in others the metal- 
« lift. He 4. 25y, eps in the laſt; 
« and yet, even here, he comes ſhort of Agri- 
< cola and Erchern, 9 of fidelity, ſimpli · 
« city and exactneſs ; being ever forwaid to 
% mix his own ſpeculations and reaſonings 
< along with matters of fact. *. 

*« 2. He was a perſon of eaſy, genteel ad- 
“ dreſs ; and beyond diſpute vers d in 
2 deing author of the ſalt ſtill ex- 
«« tant in the ſhops under the title of Sa/ Glau- 
« beri ; as alſo of all the acid ſpirits made by 
% means of oil of vitriol, - c. „ 
3. He is noted for extolling his arcana 
hen — and is even ſaid to have 
traded a little unfairly with his ſecrets : 
* the beſt of them he would ſell at exceſſive 
„ rates to chemiſts, and others; and after- 
„ wards fell them over again; or make them 
public to increaſe his fame: whence he was 
*« continually at-enmizy with ene or other. 


£3 was this Glauber, who ſhewed before 
« 


States of Holland, that there is gold 

* contain'd in ſand ; and made an 

thereof to their ſatisfaction: But ſo much 

„ lead, fire, and labour were employ'd in 

“ procuring it, that the art would not 

« beat its own 2 +. However, ge 
rly, 


" . * that there is no 
„earth, „falt, ſulphur, or other matter, 
© but has its ſhare of gold.” | 


5. F- Rud. Glauber was born about the 
nun 


LI31 TY 


* We have not been ſo happy as to meet with this Latin tranſlation, after a good deal of 


IB. $194), notw; 


ing, thinks it might fill turn to account; the proceſs is ver; 
fimple, and takes up little time. All they uſe in it is filver, ſand, and litharge ; and the 
Auer does not'walte in the operation, but is refined thereby. ng. N 


1 
1 


; | ſico-mechani 

' pplied, might | 
| I 2 mig the — and ana- 
'ly (ſts of — ſul phurs, ſalts 

6. He ſpent. his whole life in the exerciſe | 


NG ac: * CE TT r 
r =P —_—_— 8 * 8 S 
W * m 9 a 


of the philoſophical containing 
ral ſecrets, Ic. High-Dutch. Amft.1650, 


== 
= 1661 


| l | 26. —— 570. —In — 


g art, to get gold from ſtones, — O.. 


bour'd greatly, 


. which, if rightly underſtood 
of experiments, whi —ů—— 


;z for the of which he 


5 the 25 of panaceas, the — 8 


2 Se drew many into 3 
" ed the art to cenſure and reproach. 

7. In his theory: he is very confuſed ; but 
rn the dee be be ilty. of fo 
many falſhoods, as foe have Charged him 
© with, may be much doubted : eſpecial] 


Iden promiſes he makes. 
— His Mord,. J 
His writings are are theſe : 
1. Furni novi phile —— &c. or, oy go 


of new. methods of di « in High- 


Dutch, I, II, III, TV, — Anf. 1648 

—1650. 8vo. 
. 
nnotations on to t 


9 La dries. des nowveaux fourneaux 

; le Sicur du Teil. & 
by J. F. M. D. 

1. 4t0. 


4 8 is mineralis, oder vieler hunftlicken, 
— A deſeri n of ſeveral profitable metallic 
erations, Sc. High-Dutch. I, IT, III parts. 


rancf. 1651. "8vo. and 16 
5 Operis mineralis, 2 ＋ dbertur, &c. 
4 ght, „ 
= fan, "and, day and 105 
1 ſalt. Am 166 1,—Tranſlated 
ns Balis not the i of Glauber's 


6. — Pars Il. De ortu & ine, &c. 
e 


W — are produced 70 ſtars, aſſume a body 


from water, earth Anf. 1652. 8vo. 
7.— Pars [I]. in 
tarii, Cc. Wherein under the title of a com- 
mentary on Paracelſuss book called cum 


phil m, or tabula vexationum, the tranſ- 


mutations of metals in general are delivered. 
An 1652. gvo. 

8. Grundliche wwarhaſſtige be/chreiburg, Kc. 
A com account how to pre tartar in 
Go quantities from wine-Jees, fc. Nurinb. 
1652. 8v0,——-[n Latin. Amt. 1655. 8vo. 


if we- 
© keep fri Ry to his experiments, without re- 
5 garding the | 


cen, bee. 


8 


gud titulo men- 


phur, mercury, an 
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dete e a N . 


9. Miraculum mundi, oder anifubelicke 7. 5 
ung, &c. A compleat deſeription of 
— * of nature, art, and ſcience, in - 


ancient univerſal menſtruum, or mercurius phi- 


lofophorum, &c. 2.26.99) wag Hanau 1653. 8vo. 
900 Pharmacopar ce, oder grandli- 
bam, e. . T, III, IV, V. VI, 

AV I parts. Nurinb. 1654. 8vo. and Amt. 


1656—1667.. 8y0. 
16g cine fn-Diagie 1656. 8vo. 


— II nd 4 d to the ſame, 
High-Dutch. Aus. 1667, 1668. 8 vo. — The 
2 4 5 tranſlated into Latin. Amft. 1669. 


e 

ea · far in ons, Low-Dutch. Am 6 7. 

8vo.— In . 16 7. 8vo. 1 
14. Tractatus de icina uni ver ſali — 

auro porabili vero. High-Dutch. Amff. 1657. 8vo. 
15. Opera chymica, Bucher und Sc few, 

Kc. Iſt part. Franc. M. 2 4⁰.—11 part. 

Franef. 1658. 4to. 


16. Tractatus de natura ſalium. High-Dutch. 
2 * In Latin. 4659. 8vo. 
plicatis uber mein miraculum — | 


1658, 8yo. 
5 Oeuvres minerales, &c. à Pari: 1680. 


8vo. 
19. Aud. Theil, or ſecond part of the 


Mirac. mund. Amſt. 1660. _ | ; 
n— Conti. 2. 8vo. 
20. Reichen-Scatz und — - Kaftens, 


| Kr. 
A rich treaſure, &. I, II, III, IV, and Vth 


centuries, Amt, 1660, and 1668, 8v0,—lIK. 
3 in Latin. Aufl. 1 
166. 8 vo 


21. Libellus dialogorum. Amft. 1663. 8vo. 


22. Explicatio, oder | An „ &C. = 
explication of the words of 2 
bi, verbis, & lapidibus oft vir. 


magna 
High- -Dutch. 401. 1663. 8. In Latin. 
Anf. 1664. 8vo. 

23. Libellus i oder finer-bachlein, &c. 
A treatiſe of fires, 2 High-Dutch. Anf. 1663. 


8 vo. 


Kc. Of the thee prin' ples of metals, ſul- 
ſalt. Auf. 1666. 8vo. 

In Latin. Amft. 1667. 8vo. 
26. Kurtze erklarung uber die Holliſche 
Cottin, &c. Explication of the inſernal god- 
deſs Pro/erpina, wife of Pluto ; what the phi- 


. Hz  lofophical | 


SH 


* 


1 of wines, carns, 


compoſition, and relations of bodies. Bac, 


We Hiſtory of W » 
5. rr Becher, in his, Metellurgia, Francof. 1060, ac. 
; and others 


the chemical kl, S. De 
27. De tribw — — te- 

oder won den drey allere 

the three 


668. $vo. 
1 Do. Ele e Ad bes wi 
1668. .8vo. 


een 


30. Glauberus - cancentratus, oder. ä 
rium Glauberianum. Highs Dutch, 4nſt 5668. 


8vo. 

Oer lerw der Glauberiſchen fe 
ten, Sc. »The kernel of —— 
Ac. in High-Dutch. L and ae the this & 
4to.——Tranſlated-into- Latin, under 
of Glauberss concentratus. 


. 
15 De lapide animali. High-Dutchi Anft: 
ping » VS rn ITO c. A 


— 

1 gs ik laboratory at Munich, or ſub. 
terrancam p in two boots. Nane 669. 
8yo. Lip/. 1681. $vo;—Theſame, with ſup · 
woods. High-Dutch. 1696. | Ear” 17 15. 
— 2 4to. I » 
oY; Om 1 ny 
if. Pack. 25 1689. folio. * . 

of; Trait. 4 , metallorum, fitialir & inflant anea metallorum 
& planetarum. Hi — Prag. 1903. 9vo. tran/mut atio ad oc 
His whole works are tranſiated into 1671. 8vo. Alſo at ths en uf. the e. 
Latin in e vol. 8vo. 


„ of 4 
* Ef $ was 
about 1625; and firt made x fin, whe born 
firſt phyfician to the elector of 
Manes and af to the elector of Ba- | | 
varia, and counſellor- to the, emperor. He 6. manta — ee mi- 
was a man of wit; as well ab learning wer armnaria” ei 
— — 2 . 


numerous writings upon 


2 and mathematical ſob- 

chief application was to che 

— of which (nike. ee uſe in iHuſ- 
— na — 1 and diſcoy de pn ban x tex- 
compoſition of bodies. ture, &. anahfi, 4. "Bang. 1689. 


bel dss ir n a died at Lon 8vo 
don in 1682. 8. Concordantia'chemica, in High-Dutch; 4t0. 


2. He-appears to have been à warm, ac. Not tranſſa ted into Latin that we know of. 
tive, induſtrious man, and a little too much It contains many inſignificant and uſeleſs pro. 
ting d with alchemical notions : but was al- ceſſes ; but at the ſame time many curious and 
molt * r 3 — a wm chemiſtry uſeful — rs 3 = 
to p y at 1a ew'd its exten- e , oder naturkundigung e. 
ſive uſes in explaini ing the ſtructure, texture, re the phyſiology of — High- 


* V. Roth. Scholtz, Bibl. Chemic. p. 91, 122. 
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A The Hiſtory of Cirzrs Try. 
1 6. Joan. Runkel, in his Pbilgembis chimica experimentis confirmata. Am- 
Ton fiitiod; rzmo. 1694 (#). „. : 
= |  Olaus Borricbius in his Docimaſtica meralbics. Hafniæ, 1660, 8vo, & 
* 77 4to, & 1680, 4to (Y). 

1 CLASS I. Acbemical Writers. 


In thealchemiſtic Branch the mot authors are, Huthers is 
| I. Geber, whom nevertheleſs Bernar Cont of Sreviſe, runks amadgthe alchemy. 


Account of Kunkel. 

WES Kunkel, born about 1 * 
macy, to 

rds chemiſt to the 
then to the elector of Bran- 
, and laſtiy to the king of Sweden. 
He applied himſelf to rds of 
fifty years ; whereby, he arriv'd at a pitch of 
— met with. *. the ad. 


* hiloſo ophy, an and . kuowledge. 
dodrine 2 iples is fluctuating and defec- 
tive, He not of ſulphur in that qua- 
tity into which he * to 20 
n led by //. Bee. | ae 
His writings, are theſe.z. vir. 
1. Obſervationes.. chemie, firſt publiſhed in 
Duck, 1676. and: into Latin 
r this title, J ohannis Kunkelis ele. Sax. 
cubicularii intimi & chymict, ile. 
| tions 2 jonny gen de ſalibus fixis & 
1, AUTO + lt, ſpiritu 
2 TEE 1222. ire & odore me- 
5 —— 2 rerum 


ande 1678, 
——— ee 


— On phoſphorus, High-Dutch, Ligf, 1658. 
De acide & uri 
200 wy een wo, on calias & fri- 


4 1 
in ni 25 22 ga and 2 2 8 a0. 
A — work, which we = to ſee 


publiſh'd in yy by a very able hand. 


5. Collegi 2 


22 1722, 8vo, Hh Dath, A poſthumous 


np I of Borrichius and bis Writings. 
O Borrichius was born in 926. 
He was phyſician to the king of Denmark, and 
blic profeſſor in the noerkcy . of Copen- 
ex, He had travell'd 9” af was an, ex- 
cellent ſcholar, and a great operator in che- 
—— He is famous for the diſpute he 
held with the learned Conringius, concerning 
the knowledge, of the Zgyptians, and the an- 
uĩty of chemiſt — fog inventors and authors, 
1s writin that above-mention'd, 
2 n | 


* De ortu & eſſu_ chemi 
A 1668. 4t0. in Mangeti Bi 
Ol. Borrichii, Hermetis, e 'S 
Chemicr / 222 ab Herm. Conringii, ani · 


— 3 Had. bt bhet! 
be 


. chemicor 
x n 4%. and i» Mang. 

P. 8 — Arm N 
See alſo, 


4. Herman. Conringid d beramtiad mad inã, 


A de, quorum Primus agit ar medicind, pa- 
ritergus omi  ſafientid vaterum forum: 
alters non tantum Parac — 


Paratelfi laudatorum, —— 
guidem medicina omits, 
dactrina eraminatur. 1643 „ N 


logetic ag gainſt — I 4% 
J Fer the — and writings of theſe 
fr authors, ſee above 5. 22, 24, 25, and 27. 


yy 


The Hiſtory of Cunmisray: 


62. 63 Bernard count of Treviſa ; who wrote in the year-145 453 (9.x | 
h... (7) Foan. ye Hollandus, who perhaps was the ſame with the (b) fol. 


ing. 
64 (8) Taac Hellandus, who was poſterior to Arnoldus de la Villa 
but earlier than Paracelſus. He was ſo highly eſteemed by Penotus, tha 
(being diſcovered in ſome corner, in Paracelſus's time) he wel him for Elias, 


the promis'd artiſt, who is to reveal the ſecrets of chemiſtry (c). 


. 5. Ky Bai Valentine, (d) in * Chymiſeby ſebriſften. Hamburg, 1694, 


wo (10) Artephins ( ). F N | * 


67. (11) Theatrum chymicum (g). 

68, (12) Turba Philoſophorum(b). 

69. (13) Paracelſus (i), See his opera omnia, Lat. Genev: 1658, 2 vol. Fol. 
—_ Hi 1 Strasb. 1603, 2 vol. Fol.—In 3 ” Strasb, 1616, 
2 vo 0 

70. (14) Trenæus Philaletha (T). 
| 71. 
i of dus d den is Fiber; ab? fe. 


5 See an account of him and his writings 


Account of Bernard Li Treviſa. 
(a] Bernard count of Treuiſa, flouriſhed 
about the year 1390 ; and was intimate with 


Thomas Bononien/ss, firſt phyſician to Charles above. p. 37—40. 
the ich kin of France : to whom he wrote Account of Irenzzus Philaletha and bit 
epiſtle ®. orks 


23 (c) Vid. Libav. Alchim. Pharmaceut. 

. 122. 
(6 For the +1: I of theſe three authors 

ſee above, 5. 29 

ot ry Hanbergh 1677. 8vo. ibid. 1717. 

. wi 
Artephius * Morienus are uſually ſup- 
prior to Reger Bacon; but the age, or 
even country, where lived is not known. 
The former is firmly believ'd by the adepti to 
have prolong'd his life to a thouſand years +. 
(s) Theatrum chemicum in ſex vol. diviſum. 


pieces contain'd in the ſeveral volumes of 
this collection, being one hundred twenty- 
three in number, is given in Endteri Catal. 
apt NE Fi Mon Norib. 1695. 4to. 


5 Tbs phileſephorum, fur auriftre artis 
authores. ini. vol. 1510, 1562,1610. 
— it are contain d thirty-two pieces, a 


* See ater Conf 


(4) There are ſeveral alchemical books pub- 
liſhed under the name of Phi/aletha ; the firſt 
2382 Philaletha is ſaid to have been an 

Englibman, and his true name Thomas Vaughan 
che in ſome of his works he calls himſelf 
Ireneus, and in others Eugenius Philaletha. 
He is famous for having render'd Yan Suchten, 
Sendiwegius, and 4 Eſpagnet 8 in his 
writings ; which are chiefly theſe: . Introi- 
tus apertus all occluſum regis . 2. Bre- 
vis manuduftio ad Rubinum caleflem. 3. Fon, 
chemice weritatis. 4. Metallrum metamor- 


Fed ne 1613, A 1661. 8vo. A liſt of phoſir. 5. Vade mecum philofopbicum.” 6. Ex- 


imenta dt atione mercurii ic. 
— prada x But tho . A 
ſaid to write with great clearneſs, yet his fol- 
lowers differ y from one another. See 


. Eug. Philalethes, 2 or the wa- 
ters of the eaſt, treating o * ſecret fountain, 
whoſe water flows from fire, and carries in — 


mein Rein Nees Þ obe uu mer 


F * — - 
K * * — 1 - 
2 „ - a 24 
* A - = —_ a 92 4 
2 _ — a+ > ab -* 
2 28 TT ab 1 mY ” 
I 


475 . Dim Zacharias Gallus de eodem ; Cum annotationibus Nicolai 
its, — v e hujus artis, Democriti, Geberi, _ Villanevani, 

te & ili flirate, per Dorneum. Baſ, 1600. 8vo. ibid. — 1 8 vo. Vid. J. 
— 2 Bibl. Chem. p. 26. ſeq. This is alſo extant, under the title of, Nicolai Flamelli 
my wary nes ex rite, Gebero, &c. printed in the Thear. Chym. Ur/ell. Tom. I. 

28 In s Bibl. C go. We find the ſame under the title of Nicolai Fla- 
arius in Diomſi ii opuſeulum chymicum. Vide Roth-ſcho{te., Bibl. 


r Conſp. Chem. p. 16. 
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W of theuniverſal 


The Hiftory of CiynnieTRy, 


71, (15) Michael Sendivogius (I). 


72, (16) John Baptiſta van Helmont ; 
© 4to (m). 


. s 


opera omnia. Amſtelod. 1652, 


CLASS IV. Chemical Improvers of Natural Philoſophy and Phyſic. | 


the writers who have treated of chemiſtry with a view to na- 


. Am 
ea Philoſophy and medicine, the chief are theſe ; 


1. The ſame Helmont. 


2. The honourable Robert Boyle Eſq; thro? all his writings (v). 


© the beams of the ſun and moon. Londen 1665. 


= B8yvo. 


. Anima magica abſcondita: or a diſcourſe 
: cal fpirit of nitre; with the 
abſtruſe miraculous aſcent and deſcenc : 


© liſh'd together with his 4»:hropo/ophia magica. 
= London 1656. 


10. Secrets reveal'd, or an open entrance 
to the ſhut palace of the king ; containing the 
2 treaſure in chemiſtry, by Fenæus Phi- 

ethes, Coſmopolita; who attain'd to the phi - 
loſopher's ſtone, aged . twenty-three years. 
Publiſh d by . C. Eſq; London 1669. 

11. Enarratio methodica trium Geberi medi- 
cinarum, in quibus continetur lapidis pbilgſepbici 
vera confectio. Anf. 1678. 8vo. 

12. A collection of ten treatiſes in chymi- 
ſtry, concerning the liquor alkaheſt, the mer- 


19 cury of the philoſophers, and other curioſi- 


ties ; written by Leneus Philaletha, Helmont, 
&c. Lond, 1684. 8vo *. 
 Hecount of ivogius. 

(1) Sendivogius was companion to Aer. 
Sidonius, or Serenus, a Scotch , who 
being near the point of death, intreated two 
things of him to take care of the publication 
of his MSS ; and to marry his widow. Sendiwve- 
ius perform'd both ; but in the edition of his 
works, ſuppreſſed Serenus's name, and clapp'd 
his own in its place. The titles of his pieces are, 

1. Mun chemicum. A new chemi- 
cal * 

2. Dialogus de mercurio & alchemia. A di- 
of mercury and alchemy. 
n theſe he maintains, with great ſtrength 


| of reaſon and experiment, that ſulphur and 


mercury znited, are the conſtituents of 

metal ; lphur meaning with Geber the 
ſun's rays : however, his writings ſhould be 
read with caution ; being full of vain promiſes. 
His nouum lumen chemicum is done into Eng- 
#6, and entitled 4 new light of alchemy, 
from nature and manual experience : with a 
treatiſe 4 fulphur. To wwhich are added, nine 
books of the nature of things, by Phil. Theoph. 


* See Weds Athene Oxen, T. 2. p. 368. 


3. 
Parac. Engliſh'd by J. F. M. D. Land. 1674. 


8vo. 

(m) Var Helmond opera medica. 1682. 4to. 
containing 118 — +. 

Account of Mr. Boyle. 

* (x) 1. The honourable Nobert Boyle Eſq; 
% that prodigy of knowledge, excels not 1 
* as 4 „ than as a natural philoſopher. 
« His character is one of the moſt amiable 
in the world: no body ever made more ex- 
*« periments, or with more care and caution 
* than he; nor does any body relate the e- 
«« vents thereof with 
« delity. He is ever wary and reſerved in 
« drawing concluſions from his experiments ; 
and rarely concludes too much. He held 
% very amicable correſ} with all 
the chemiſts, and other wirtuof of his age; 
« and thus effected a kind of commerce, or 
2 IN e ee that he 
„% was always y in imparting; 
what he = oma or diſcover'd, to the 


% 2. He gives abundance of things 
relating to , their 3 
«« preparation, 
fitting them for human uſes ; and the ſame 
he has done with reſpe& to wegerabler: but 
de is chiefly to be admir'd for what relates 
to animals, and the analyſis of their parts; 
in which he follow'd the path trod by Hel. 
* mont, in his book de /ithiafi. A noble in- 
„ ſtance bereof we have in his hiſtory of h- 
% man blood ; which contains many moſt va- 
« luable and exquiſite things ; and on every 
*« occaſion he endeayours to found his rea 
« ſonings on experiments. His treatiſes of 
** the unforeſeen failure of experiments, and 
« ſceptical chemift, ſnew h t modeſty and 
% moderation 3 and how far he was from that 
*« common vice of the chemiſts, boaſting, and 


«« promiſing more than he could — 
5 3. He is author of a 


« pi th an net, +, = 


«« They are ſo many, and printed ſo 
. Y ( «4 


IV. Ende. Catabip. hah 


candour and fi- - 


urification, and the ways of 


33 


Writers in 
philoſophical 
chemi ry- 


The Hifary of Cu nav. 


{ren 
loſoph. Tran ſact. 
1 


3. 
PM 
5. 


| « rately, Writs 


<< little looſe and diffuſive ; and the courſe of 


66 ** his writings { etimes interrupted with di- 
not very eſ- 
a XR =. 


One 6bjeEtion js made to him in his 
« chemical character, wiz. that taking the 
virtue ef -vis preparations on the repore of 
* other people, he: comments ſome of them 
too much, and attributes virtues to them 
« which experience does not warrant. For, 
eber -prectiſe: pliyhc bimſelf, his 

<« way was, upon making any. new prepara- 
„tion, to give it ſome phyſicians to make 
«ria —— they, it — out of 


< complaiſance, would (peak — cb 
«it than it deſerv'd.. — thoſe 
— — the Cirit 
of human blood and hart's- horn in pleuritic 
1 and Phtiſical caſes, and on the evs YVeneri: 
1 the of creduli only 
to the point ity comm 
4 chard oh Mer there does not ſeem 
29 wr foundation for it: no body en- 


more ſe „or ſpeaks 
Boy. prolongs — ubiouſly than 


. Indeed, 
a long, and — with — 
« wri 


vnd him. His treati & acid S fore 
Li excellent; and has let much light into 
N Dr. Cox's Payer 
ran 2 4. 
* (p) Dr. Daniel Cox an ele phyticie, 
very able chemiſt, has wrote ſome ca- 


rious tending to improve the art of 
— — 
unn 


his Diſſert.-chymico-plyſice. 
— Dr. Cen (p) and Dr. Ae 0 ere papers in the 


Hombe (r), G (s), — f in the we. 
— rg — 3 org « younger Lewery (1 c 


z 1 - 242%! 
or fix* Ad taj uk, 


TR Eel — 
eure a compleat collection. His 18 7 


696 (0. 1 * 


— 


its being expoſed to the 2 8 Te 


that alcalizate falts do nat differ — 
other. Phil. Tranſ. No 107. p. 180. 2. Of 
the volatile ſpirit and ſalt of vegetables. Phil. 
Tranſ. Ne. 10 f. p. 4 . + The identity of all 
volatile — and v rits: with — eg 


—— 
wr wang, . al. Br, Nos 16 


„ Ber 7 Fred. Slare's Pagers. 
Dr. Fred. Slure, another eminent y- 
fician and — wrote ſeveral 
pieces upon chemi vie, 1. Expe- 
EDS een: 

P llect 48 
2. — of the ſame. MW 

p. 84. and Phil. Tranſ.1683, 3. Onthe as. 
{akon of fluids, Phil, unf Ne. 150. p. 289. 

. Examination of ſtones from the human body. 

182, p. 140. 5- Of fire, flame, and ex- 
by mixing two cold liquors, No. 213. 
6. "Rxpafimanr ef — ih4:t2- 
in warue. ibid. p. 212. . Experi- 
ment on the change of colour, from a ah, — 
tranſparent, or clear liquor, to a very blue 
one in an inſtant, by the admiſſion of the air 
only. N. 204. 4. p. 898, 8. Examination of 
k abe waters, called aridu/e ; 
proving them to be alkaline. N. 33 7- 
9. — nature and virtues of Pra — 
waters. Ne 351. Pp. 564. to. Experiments 
and obſervations on B ; with a vin- 
dication of . Londom1715. 8vo. and Phil. 


FG: Ne. 337. p. 2 . 
4 Homberg. - 


— 

was . 
. in 1652 ; whence he came 
with his father, to ee den. He was 
fone ws Favs whit to ſtudy law but 


neglecting this for what was more agreeable 
enius, he applied himſelf to Orto Gar- 
riele, — or 


p. 201. 


in the bat 


for the invention of - the air- 


| pum, — — to learn experi- 


mental p 
2. — 1 REN to Padua, where 


he ſpent a year in the 
n 2 dey Af- 
- "terwards 


— of his works in three yolunes in quarts, ui to be hoped all 


theſe inconveniences are removed. 


l WW _ 
$"< 1 
„ P 
? 4 88 Fa) On F a 


4 — — — A 
to France into 

nn — work'd ſome time with 

From Exme/and he went 10 


7 time, and — in the king's laboratory. 
His next remove was into 


Holland, and thenee 


„From Paris; as the exrveſ dere of hi 


| point of returning to 
A — to ſettle among Fi friends : but M. 
| ger to bim in the 
Sick. v advantageous offers to 
> Gema t Al. 
bderation, and commenc'd Catholic in 1682. 
* ac he went to Rome 5 and prac- 
ſacceſs: but in 
to Paris; and in 


1 * In 1702 he inſtru ed the duke of Orleans in 
= — the moſt ifeent-and beſt ap- 
| s whic had 2 
* Lows, den ing provided for hs pry de Tſebirn- 
rar s large burning-glaſs from G 
| of which M. Homberg made a noble uſe. He 
Ne LA famous Dean in 
918 3 m 1715 a 
He never publiſh'd . 


—— 


2 e 


— col 


cerv 


= 


B « curl p e would we: re 


r 


e . 1 8 s of plants. 75. p-148 
the mfiry were mo _ the me- r7. On the vo Its of plants. 
moirs the reſt of them p. 289. 
ST ze "for the preſs" at his death. * 18. Chemical effays on the Prindipte fat 
iſe f Kr #. 1702. p. 43. 
— the fame 


The  Hiftory 2 nuit. 


* guble induſtry: he was 

uke of — late eq Fen of Shoe ph © vr 
* «« perform experiments at 

ve bm an opportunity of trying tying 22 
» out of the reach of a private per- 


« ſon. 
WE. bers 
ieces are only in ex- 
elle in the kiſtory of the 
royal academy. 


His other chemical writings are the fol- 


lowin 
) The Se of making the plophire: 
erdons of Kunkel Mem. de Þ Acad. 2 75 


SIS an. dhe Foie p. tor. 


— ae 4 r 
. On Gare Tree! > - — 


1 nts” « vole le acid 
alt in a dry form. er hart 


g. On che infuſion of antimony. 15. a#.r693. 


21 
J A new phoſphorus. 15. p 


6. A 
* 2 an extraordinary rk op cupelting 
240. 
8. On 


ern 


1 N tuning ene 4, 


of acids abſorbed by 
terreſtrial alealies. #6, an, 1700. p. 81. 

rt. On the diſſolvents of mercury. ib. 
P- £45; 
z. On the oll.of pharit, 15. p. 266. 
| it On the acid of antimony. 7b, p. 381. 
| x eo nia int | ah, 1704, 


* HS 2. analyſe common ſulphur, 
az | Fs 
Ix On the Rlpbar.-i5 4 1 4 


p- ny — The of the lame: ib, az. 170 
F197 Ga a diffolation of flyer. ian tick 
5 70 On the vitrification of gold by the burn 


E | 


: * e 5 LR 


39 


- 58 


Toe of 


2 his b fatkes had defi 


The Hiſtory of \CunMisn ay: 


27. on ſulphareous matters. ib. an. 1710, 


P3032. 


28. On artificial vegetations. ib, p.556. 
29. On the fecal matter. 4. 2 55 
p- 49. Continuation of the ſame. ib. 

50. On the colour of bodies in \ 


F '1.. On acids in the blood ef Sibel. 


2 2 en e d. the ſame. 


ES diſſolving them. 7b..p des. 6 
* 35- On the vegetation of the fx d ſalts of 


plants, ib. an. 17 T4. Pp. 240. 


Account of Dr. Geoffroy. 

(s). 1. Spb. Franc. Geoffroy was born at 

Paris in 1672. His baker w was an apothe- 
„and has mother a ſurgeon's daughter. 

His father ſpar — bi expence in his 
education ; tho” he nets, — him only for the 
ſhop 3 as well among thn s gg are of 
knowledge was required to arrive at any tole- 
22 rx in 2 i the Kody 00g 

phi eoffroy join 
22 . = «x and a- 


"2 ms + 1692 his father placed him with. an 
—_— p _— at Montpelier ; and during 
there he dil gent) attended the uni- 

— lectures, in a ranches of medi- 
eine; but the be * 
rite-ſtudy. In 1693, he paſs'd through the 
uſual examination - for pharmacy, with ap- 
and now firſt — — to his father 
hy ncian; and obtain'd 

bong 6 pay. ly, the ſecond ſon, 

n'd for that profeſ- 
fon, was, ent into the inſtead of his 
brother; 1 the chemiſts to 


the. Freach acade 
8, '©o Tallard 
* 698, vunt {being 


r extraordinary d — 
— 4-4 with e as 5 Ns tho' 
then taken no degree in phyſic. There 
E — 2 acquainted with many of the 
men of that nation, and neglected no mea 
of making improvements 3 and in 15 hk 
fix months he was admitted a member of Abe 


| opal ociety. From England he. paſled int 
43 


und in 1700 trayell'd into Za with 
the Abbe Lan voin, in quality of his phyſician : 
every where making farther obſervation 
— inereaſing his ck. of knowledge. 

he was Sade a member of the * a- 


ay of ſciences and in that n 


sor 0 


* & . 1718, 


—— —— — 


tributed, as far as his other em ts would 
allow, to its ornament and 

4- In 1702, he took his degree of batchelor 
of phyfic, and in 1704 that of doctor, at 
Paris : after which he applied himſelf cloſely 
to his ſtudies, the better to-fit him for prac- 
tice. In 1707, M. Fagon, phyſician to the 
king, made him his deputy, as profeſſor of 
chemiſtry in the al garden z in which he 
acquitted himſelf ſo well, that in 8 


Fagon reſign'd the charge uy to 
5. In 1709, the king boron him — 2 
feſſor in the — *. 
ictated his curious and uſeful lectures on the 
materia medica. In 19 18, he drew up a ſy- 
ſtem, or table of the mutual relations betwixt 
different ſubſtances in chemiſtry ;. a 1 4 
rightly underſtood, and carried on, 


a fundamental law. for — — 
* guide the operator with 2 


6. In 1726, he was elected dean of the fa- 
culty of phyſic at Paris ;- and after the expi · 
ration of two years, the uſual time of holding 
that office, was continued in it by the unani- 
mous SIN his D In the _ 
ning of the 30 his health began to 

cline, 15 = died on Be hgh ney, 
1731. 
His. Writings... "244 5 


Hu wricings are theſes VIE. 


1 On col Solutions and Eraentations, 
de. I Aa. R. dus Sciences. . 
p. 142. 


2. A method of recompounding alphur, 
ib. an. 1704. p. 374 
3. A problem to Hd aſhes, with 
out iron,in them, — — 
45 Explanation Gn Oe 47 
10 1707. Pr 324+. 1 
6785 de K 6 . 


FLY, P- ny 482, yr * * © 
tl be - t= es 
B on vitcial and iron. 4 40 


15 d. 225. 
On the converſion of. acid ſalts into vo 
late. aer alcalies. 6, an. 1917. p. 291. 


10. Chemical affinities 


between 
Free P. — and 4720. 


the vapous of 
61.06 we uy 


fire 


bai bas if N Hhaucdto om fg 219") 


— 


K 
{1 
* 
q 
x 2 


4to (). 10. 3 | 


14. Examination of the waters of Paſſ. 


11 899 e 
ff x nd on ſome ſorts of glaſs, of 
which bottles are made. 1724. # | $47- "Ed 
| a e waters Anand. 
J. Tran. Ns. 247. p. 430. 

17. The way * e two clear ſpirituous 
inflammable liquors, which differ very little 
in taſte and ſmell, yet being mix'd together, 
produce a fine carnation colour, Phil. Tranſa@. 

9. 249. P.4- 
= 18. On Sead quantity of acid ſalts con- 
© tain'd in acid ſpirits. iv. N. 262. p. 530. 
= - 19. A — 5 of the ſoſſile, vegetable, and 

animal ſubſtances, that are e uſe-of in 
phyſic, &c. tranſlated from a manuſcript copy 
of the author's leftures read at Paris, by G. 
Douglas, M. D. 1736. * 
wwritings of t e younger M. Geoffroy, | 

t living, are theſe. | 

1. On eſential oils. Mem. de P Acad. R. 
RE des Sciences, an. 1707. p. 1626. and 1721. 
"= 193. 
= » 2 On the different 
RE fpirit of wine communicates to water upon 
nixture. 2. 1713. p. 69. 

_ 3. um lacca, and other animal ſub- 
* which furniſh the purple - dye. 1714. 

p. 156, 8 
4. On oil of aſpic, and the choice of it. 

an. 1715. p. 321, | 

4 . $. A method of determining the juſt quan- 
—_—_ tity of ſpirit of wine in inflammable liquors or 
7 brandies. 1718. p. 46. 


9 6. On the nature and compoſition of Sal 
IE Lmmoniac, Kc. &c. 1720. p. 245. 78 
Av The Writings of M. Lemery the Joungtr, 


fill alive. | 
{:) 1. Chemical experiments and obſervations 
on iron and the load-ſtone. Mem. de Acad. 
R. des Sciences. an. 1706. p. 448. 
„ really contain iron. #6, 
529. 

12 „ on oils, c. ib. an. 
7- p- | 
4 Refletions on a chemical vegetation of 

iron, We, ibid. p. 388. 
5. Explication of the compoſition of ſeveral 
ua, of native vitriols. 54. p. 71 3. 
Co 6. New remarks on the 
production of iron. ib. an. 1708. p. 482. 
. 7- Conjectures and reflections on the matter 
2 of fire, Ec. 16. an. 170g. p. 520. 
| NY - - chemical precipitations. ar. 1711. 


of heat, which 


vj Tze Hiſtory of \Cunviirey. 
1 ; F 6. George Erngt Stabi, in his Fundamenta chymie. Norimberg. 1723. 


7. 
d. Conjeftures on the different colours of 


the precipitates of mercury. an. 171 8. p. 66. 


The CT an. 1714. p. 336. 
10. On the manner wherein iron operates 
on the fluids of the body. an. 1713. p. 41. 
11. On the action of ſalts upon ſeveral in- 
flammable matters. an. 1713. p. 130. 
r2. On matters proper for makiog a phoſ- 
orus with alum. an. 1714. p. 520. 
13. Phyſical reflections on a new 
rus. a L7H p. 30. N 
14. Memoir on \nitre. an. 1717. 
Sequel of the ſame 15. p. 156, edit 
15. On the volatilization of fix'd ſalts. ib. 
317. 
ie Reflections on the deficiency and ſmall 
uſe of chemical anole of „Cc. an. 
1719. p. 227. rt of the ſame, ar. 
1728 4 1 Third part, 75. p. 216, 
— Fourth part, an. 1721. p. 28. | 
17. On the preparation of the Carthufan's 
or kermes mineral. an. 1720. p. 542. 
18. On the original of Sal Ammoniac. an. 
1720. 8 66. Beg -Y 
19. On the ſucceſſive diſſolution of differ 
rent ſalts in water. an. 1722, p. 479. * 
g Account of Stahl. + 
(a) G. Ern. Stahl, born in-1660 at Orea 
in Franconia, took to the of chemiſtry 
at fifteen, and from reading Barnerus's colle- 
gium chemicam, readily diſcover'd a. fix'd al- 
caline 2 nitre : with the help after- 
wards of tels books, and Becher i phyſic 
fubterranea ; the ſeveral experiments of whi 
he not only carefully weigh'd and compar'd, 
but repeated; he. arrived at a great profi- 
ciency in the art, and has publiſh'd ſeveral 
excellent wag on chemiſtry ; which ſhew, 
among ot I ; 
artificial ſulphur. © 2. The analyſis of vitridl, 
the volatilization of the acid of vitriol, and 
its reſtitution to its priſtine fixity. 3. The 
— and influence of a e in ſeveral 
ies. 4. The reſolution of ſulphur into a 
ſubtile acid. 5. The different fixity of acid 
mineral ſalts. 6. The ſudden deſtruction of 
nitre by deflagration. 7. The genuine foun- 
dation of vinous and acetous entation. 
8. The converſion of ſpirit of wine; and its 
artificial ingreſs into vinegar. 9. The tranſ- 
poſition of juice of citrons into wine. 10. The 
ge of all fermentable bodies into an in- 


id earth. 10. The ſolution of gold by 
fulphur. And, 11. Of iron by an alkali, 
Sc. &c. 


I 2 His 


er 1. The generation of 


60 


The "Hiffory of Can. 


5: The excellent Frideric Hoffman (r), in his Ohne guten 2 I 
- carum ſelectiorum libris tribus. Halæ, 1722, 4to. Arne 
The author has likewiſe enrich” bby and and 


medicine with many other curious pieces, 


tance to the art of chemiſtry. 


| His principal chemical V s. | 
1. Prodyonms de indagations ph ſiolo- 
6.05 &c. 1683. 

„ chemicum, firſt deliver'd in 1684 
in the way of lecture to the ftudents at Jena ; 
ſeveral manuſcript copies of which a- 
broad, and there being nothing like it then 
extant, uſed it as a comment on Be- 
cher 3- this at induced the author to 
conſent to an edition of 1 5 which was pub - 
liſhed under the title of, Fundamenta . 
— ital. 3 1723. 
e in E, under the title 


Te 22 of chemiſtry, &c. by 
2117. 
* 3. See fandement and 


1698 — & theimaſic for 


7 1697. 
Auimadvenſione: . 3 
2 & experimental, 


2 2 g's 15. ales 


5 A 


D verum ful} arte 
5; Spiritus witriels wolatilis in 
exfdrimentam. 


Fre de cher vitriate.. 


9 
10. 


* In 65. 1718. 
1. A treatiſe on ſalts. High-Datch. 1723; 


not acid, but alealine: that neutral ſalts, cal- 


treatiſe on , both inflammable. 


A work © 


eee in 


3 | 

* Pref. in concordantiam chemicam $- 

14. E menta, ob/ervationes, ani madver- 
pk — e 


r qualium 
alibi, vel nulla, url rara, mu, autem ſa- 
tis ampla, ad drbirer nexus, & weres t, de- 
duta mentio, commeneratio, aut explicatio, in- 
venitur, &c. Berolix. 1731. $vo. 

Account Dr. Hoftman, 
2 Hoffman was born at Hall in 
To him we are chiefly in- 
Ar for x juſt mechod of analyſing mineral 
waters. He firft diſcover d the errors of the 7 
ancients on this ſubject, and ſhew'd the true 4 


— — of waters * chemical experiments. 
ts are, that the predominant 


ſalt in aciau/z, as well as in hot ſprings, is 


carious earths, and irony matters, En moſt 
ſubtile volatile univerſal acid, are contain'd in 
all mineral waters. Se> his Difſertationes de 
thermarum & acidularum uſu ac 3 with 
others on the ſame ſubject; all which are 


e and publiſh'd in E by P. Shaw. 


I 
I ot other chemical writings are theſe, $ 
1. Difertatione: ar generat:one jalium. 


2. ((( 4; ptr Aaturd. 
de cinnabari ant imanil.. 


2 17 


i 


ww 
o 


or” 


The Hiftory of Cnnnisray. 


APPENDIX TO THE CHEMICAL AUTHORS. 


ome books of conſequence being omitted by the author, or having been 
ily occur, and contain any thing particularly curious or uſeful ; without 

end leſs. p 

CLASS I. Sfematical Writers 


HB deli; . chymia in artis formans denſia, medicamenta Maitfians, 


enc hei cas, facillimam, diſquiftio cu- —Reviſed by Theod. Muyhers. Lugd. Nat. 1693. 
15 e — . potabilic, 8vo. and Ant. 1702. 8vo.— In Hz — 
fituitur. Fer. 1630. 12m0.— Ed. 11. cam — 1 bock contains above 


Pref. Wern. Roifnchii. Fen. 1643. 8vo. 


. Thibant, caurs nouveau de ia chimie. Antoine Deidier, ehimie raiſonee, ad Pon tache 


12mo. de decowurir la nature & la maniere J agir dts 
in Eaglich, under the title of the remedes les plus on uſage en medicine & en this 


| art of chemiſtry, as now practiſed. Land. 1668. ie. Lyon. 1715. mo. 
| 8vo. rn. a 


* Goth; Struve, n 
A | chemi containing ge, i. e. Operationes & experimenta 


not 


= rin of aff] obferuationr. By George chymica, ignis je porari lit, fe ine exbibe: 


e fourth Lond. 1721. en. 1717. 8vo. N 
$vo. This book contains the chief part of M. Senac dact en medicine, nownveau cours de 
the chemical 5 now in uſe, with chymie, fuivant les principes de Newton & 4 
the proceſſes faithfully deſcribed. Stahl. Paris 1723. 2 vol. 12mo. and ibid. 
© Car. de Maets, prodromus chemiæ rationalis, 


1737. 
F accedunt animadverſiones in librum cui titulus ' * Frid. Teichmeyeri inflitutiones che- 


collectanca chymica Leidenſia. Lugd. Bat 1684. mia dogmatic & experimentalis, in quibus 


. Bat. 1687. 4to. Succinita methods traduntur. &c. Fen. 1728. 
— —— rationali;, authore Je. Frid. Carthuſeri OS AY me- 


T. P. Lug. Bat. 1687. 4to. dice dogmatica-experimentalis, und 
Mich, Etmulleri chimia rationalis ac experi- materia medice ſelefioris. Hal. Magd.1 736. 
mentalis curieſa. frincipia recentiorum Rvo. * 


adernata, varii/que ac projriis experimentis, Jean. Juncleri, conſpectus chemize theoreticos 
tam chimicis quam practicit, ut & medicamen- practice. Hal. Magd. 1730. 4to. 
tis nobilioribus referta, comite ſemper ration; Fob. Helfrici Funghen corpus pharmaceutico- 
in erdinem redada & edita, per Job. Chr. mico-medicum univerſale, frve concardantia 


Anſifeld. Lugd. Bat. 1684. 40. = armaceutico diſeordans, +1 
0 Staphorſ Mcina chymica Londinen/e. 1685. dernis medicine fraficis dicata. Ed. 3 priari- 
vo . 


n bus auct᷑ ior reddita, per Davidem de Spina. 
Chr. Love Morley, colladanea chymica Lei- ola dry $1 a . * 


* 


CLASS HW.  Pritr in Meallueyy. 


And. Libawvius, of Hall in Saxony, ** died metals he publiſh'd. i 
1616, has wrote largely of the nature, and by the followin — 
examination of minerals; ſo as to be even Commentaria metallica, 


ſet on a level with Agricola, for the Bien Ars probandi mineralia. 
1 


in 


F- 


[oats — 5 we judge it proper to add ſuch of them as rea- 
entring into à detail of the chemical writers, which indeed would be 


chemicorum principia, inflrumenta, operationes . 


Praxis chymiatrica rationalis. & produfta ; finulque analyſes trium regnorum- ' 


67 


62 


; 2 27 Sandwich. Lond. 167 
- Phil. K Ne. 108. p. 187. 


en Cordoua. 


4721. 


The» Hiftory of Cunisray: 


J. Webſter's hiſtory of metals, i. e. of the 


W- of minerals, of * their — 4 — the 


ee gold, mereury,alkabef, Ke: 


ink ; Barks trattato de Parte metallico” 


en Eſpanil...en r 25 V. 
72 5 T. 4 1. E. His 
reſidence at Potoft in Peru 1 Weil 

— to make many obſervations relating to 
ines. See ht ſame in Engl by the 
4. 8vo. 


Libro ſeconds de Parte metallica. 


— The ſame in Egli, by the earl 
of Sandwich. Lond: 1674. 8vo. . 


Mr. G. Plattes: and a 


"_ ry-of all forts of mines, 
——— to coal, by 
4 entitled Houghton's compleat miner. 


Marcheſe, Marco Antonio della tratta, 


2 attica miner ale in Bolog. 1676. 4to. 
Vid. Hook Phil. Colle. Ne 3. p. 80. 

M. Reaumur's treatiſe of converting forged 
iron into ſteel; and to ſoften caſt iron, ſo as 
to make utenſils thereof equally perfect with 
thoſe of forged iron. Paris an. 1722. 


Em. Sewedenborg, member of the metallic col. 


lege in Sweden, prodromus principiorum — 
naturalium, 2 novorum tentaminum 

& phyſicam ru 1 2 
8 ro. 1 


CLASS III. 


Fo Fred.” Hebvetii, witihus aureus quem 
mundus adorat & orat. Treating of 1 rare 
miracle of nature, the tranſmutation of metals 
and ſhewing how the whole ſubſtance of lead 
was at the Hague in a moment's time con- 
verted into gold, by a ſmall particle of 
the loo: *s ſtone. . 4667, 8vo. and 

ay. (os. 
s Bi 
=) = title 5 
* Hvo. 


Pe alien, oe N whos vet. phile- 
ens treatiſes A 555 her's- tone, b 


king of Portugal, Fohn Sawtre, 
72 — Randorf, 3 German. Lond. 1652. 


0. Weidenfeld, age phe oor 
e or the uſe 


HE 96. In — 


See alſo 


It wes reprinted-or'- Load. 2798, 
in 12m, — the addition of a third part; 


OZ. * Printed alſo in Man- 


Principia rerum naturalium, fror 
novorum tentaminum phenomena mundi — 
tat; py - explicandi, cum figuris enei;, 

folio. Dreſd. and Lipſ. 1734 This 
k opens a new ſcene in natnral philoſo- 


Phy'; and is large upon the buſineſs of me- 


nene is 1 juſt 
— in Higb- Datch, by 

bluter, containing the —.— art, both of 
ſmelting and aſſaying, as taken' from the 
works themſelves ; and exhibited to the eye 
by numerous beautiful copper-plates. folio. 

he title of it is Gruntlicher Unterricht, &c. 
or, 4 A Foe ay ce deſcription of mineral 
works ; ing the * way of explain- 
ing them ; wi the tovergl Ire. 
tures and Nom rrp — relating ; with the 
manner wherein they are practiſed at Hartæ, and 
other mineral works : R the . — 
methods of treating gold, ſilver, copper, and 
lead-ores ; * vitriol, Sc. 2. The 
whole art of 17 containing the ways 
ef trying all forts of metallic otes, refining 
of ſilver, ſeparating it from gold to advan- 
tage, fc. 3. A ſet of copper-plates for the 
two parts, executed according to a ſcale; with 


a proper index to each — By e 


- Andrew Schluter, ſuper- intendant at 


Hartz to his Majeſty of Great -· Britain, &c. 
Brunſwick, 5 Os by Frederick "William 
473 78 42 


Writers in Alchemy. 


ſpirit of wine. A practical work collefted out 

of the fathers of adept philoſophy reconciled 
er. Lond. 1685. 4to. 

* Tollii, fortuita, in quibus præter eri 

tica nonnulla, tota 18 biftoria Graca, 


Phanicia, pyptiaca, ad chemiam pertinert 
aſfſeritur. 1687. 8vo. 
 Manudutio ad calum chemi- 


cum. Amſt. — Byo. af 
ientia in aniens, 
m chemica. Ant. 1689. 8vo. op fag 
Gabr. Clauderi, c 1 de tinctura uni- 
verſali, %. 4 lapide phi opber cum Petr. 
Fo. Fabri res alc 2 ex · 
—— —. Ad. _ ' Berlic * hat 
tione medicina univer 
Keenigii epiftela de elixirio * 
1736, 4to. 


CLASS 


n 
1 2 — 7 
3 '® a 


CLASS IV. Writer: in Philſophical Chemiſtry. 


. Barneri chymia a ae 
— oy docte enucleata, = 
hats, Neri 1 689. gv 


2 The ame in Engl, by J. .. 
© with the author's defence of the wor 


the editors of the 42. Erud. Lip/. Lad. 1512. 


. 8vo 
4 1 Claude Bourdelin, author of ſeveral che- 
mical papers in the Mea. de P Academ. R. des 


= Sciences. 
4 | Jobn Brown wrote an account of the quan- 


p. 361. 


ca, cum fg. Par. 164 


= Du Cu, cbervation fu 2 25 

64. plufiturs provinces de fait iP 44 0g 

TT demie R. des Sciences. à Paris Ne Ta 

== V. P. Tran/. No, 125. p. 612. 

1 Dirt. ſur lis princi 
naturels. Anf. 1680. 12mo: Four. de 
Sfavans. T. VIII. p. 290. 

Car. Newman, chemiſt to the king of 
Pruſſia, on fix'd alcaline ſalts, Iſt part. ap. 
Phil. Tranſ. Ne. 392. p. 3. IId part, ibid: 

Ne. 393. p. 45- 

— On Camphire, i. N*. 389. 

p. 321. 


On the method of proving 
French hrandy. ib. Ne. 391. p. 398. 8 


* 
_—_ 7 #1 4 
TT 4 A 4 


Wilb. Grataroli, were althemie ſcriptores. 
= 156 —4 folio. 

etri Borelli, bibliatheca- chymica, ſeu cata- 
bogus librorum Pbilgſepbicorum, hermeticorum, 
in quo quatuor millia. circiter autorum chymi- 


corum, wel de tranſmutatione metallorum, re 
| ninerali & arcanis, tam manuſeriptorum quam 


. caditrenidur” nſque 


in lucem editorum, 
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a = tity of roſin in the cortex elrurber. extant in 
the Phil, Tranſa#. Ne. 371. p. 81. 

1 Obſervations — riments 
on the al catharticum —_— or ſalt. 
1 ibid. No. 377+ p. 348 3 

= — a ot the Pruſſian 
blue. ibid. Ne. 


1 * p. 15 
camphire. ibid. N24 


minerales. | 
e in $ 


. marred?! We 
57. — conſpectus chemiæ 


r 
= — A, rang _— 

Opera omnia. 2 1716. 
IE; © 2 


ani * chimia, Lond. 21 
1682. 8vo. 2 1687. 
nd Caſſii, de extremo i & perfect 
nature Paget ac principe —— 2 
auro ; de iranda qui naturd, generatione, 
7 ; atque ad operations artis habitudine. 
amb. 1685. 8vo. 

Boulduc, method of diſcovering the ſophi- 
ſtication of corroſive ſublimate. Mem. de / Acad. 
R. des Sciences. 1699. p. 64. 

Examination of the mineral waters 


— Analyſes of a great number of 


— Sc. as 1700, P. 1. and 
—Colocynths 1701. p. 15.—Jalap.17or. 
1 55.— um gutta. 1701. p. 172.—Scam- 


mony. 1702. p. en 1705. p. 245» 
pany Meat e 
begun” Ihe lixiviums of the waters of 
1 Ga ee of a new ſalt 4 


p. 168. 
other analyſes 


the hiſtory of the royal academy of 


praftice in forma tabularum repreſentatus : 
quibus rh præſertim 2 & * 
forum naturalium r babitus inter fe, 


proprietates, wires, & » Uemque præcipue 
chemiæ pharmaceutice * vnda- 


menta 3 7 LO, N Ky 1 1 
tifimum explicantur. P. 1 agd. 17 30. 
4t0. Wee li | 


CLASS V. Dpibliathecarii chemici. 


ad annam-1 2 Pay. 1654. 12mo. 
Heidelb. 1656: 12mo.— The authors are here 
enumerated in alphabetical order, but not with 
paring 0 pwe wut V. Fabric. Bibl. 
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 chemicum. Anonyii' Galli enchiridion · Ge- 
f neu. . vo. 


— — 


brated authors in alchemy, Cc. Hi 
Handb. 708. Tom. II. 3a, 1604. 

Will. Cooper, catalogue of chymical books, 
which have been written originally, or tranſ- 
lated into Bi, in three — Lond. 1672 
and 1 F so. The third part, containing 
an of ſuch things publiſhed in the 


' - 


| 11, fla, 24 N74 — printed pagey. 


philoſophical tranſactions of the 0 
ciety, As pertain to chem , 
5 in the animal, — hc 
om. 
37 Mangeti, bibliatheca chymica, foot 
Ea R preflantiimoram chemico- 
rum, & c. 


0 19502. 2 vol. folio. 
Frid. Rot h ſeboltæti bibliatheca chemica, oder 


and AMtorf. 1725 —1 728. It is alphabe- 
ny we have only ln Gant of Rib er 
tends to the middle of H: whether any more 


have been fince printed, we doubt. 


MY 
8 
* 
— 
— 


CONTAINING THE 


T H T 


O F 


HE MIS T RV. 


, 


ce I; $727 RY is an art which teaches the manner of performing Chemiſtry de- 


6 certain phyſical Operations, whereby bodies cognizable to the ſenſes, or i d. 
c capable of being render d coognizable, and of being contain d in veſ= 
«« /els, are ſo changed, by means of proper mſtruments, as to product certain deter- 
* mined effetts ; and at the ſame time diſcover the cauſes thereof; for the ſervice 
„ various arts (a).“ 57 
| (a) The definition preſuppoſes a competent thod, and afford » new. elements of chemiſtry, 
number of chemical - iments already made Whence it is propet to obſerve, 
and deſcrib'd ;z which being reduc'd to rule, never be juſt 
deliver'd with their - circumſtances, and di- tent, and-uſes are fully known 
geſted in proper order, make the firſt ele- larly aſcertain'd ; a true ſcientifical defini 
ments of z and this is the thing par- being nothing more than a 
ticularly labour'd. in the practical part; and expreſſion, ſummi 
was never, that we know of, fo ſucceſsfully particulars from w T 
attempted before: and herein we take the the deſire of making chemiſtry an art, may 
cipal merit of the author to confiſtz he have prejudicial z if we thence confine 
nw Ving not ſo much added any new matter, as it within too narrow bounds : which is 
collected the , or preliminaries of the rally the caſe when definitions are form'd, be · 
art, and reduced the more common and ordi- ſore the matter to be defin'd is brought to 
nary experiments to method; thus giving the maturity. | [24 
common chemiſtry, as already known and , The author, to ſhew that his definition of - 
practiſed, the body and form of an art. Tho- chemiſtry is juſt and adequate, takes it to 
this is to be underſtood- of the rudiments pi „ and explains every part thereof: and 
chiefly ; for he has but lightly touch'd upon fach explanation compre the of 
the medical, philoſophical, mechanical, me- chemiſtry ; or the chemical docttine of bodies. 
tallurgical, commercial, and alchemiſtical Now chemiſts uſually divide all ſenfible'na« 
parts; which might alſo be reduced to mes W _ 


6 The They of Cnniitoray, 


66 
Chemiftry an 2. As chemiſtry directs operations to be performed from a foreſight of what 
_ will enſue, it is truly entitled to the appellation of an art (5).—lts object, 
-— che. hereon it is oa e. to produce changes, extends, we ſee, not only to all 

ſenſible bodies, but even to inſenſible ones, provided they are capable, by 

N any art, of being render'd ſenſible, either in themſelves or in their effects; 

eſpecially ſuch as may be collected and contained in veſſels, either naturally, 

or by any means we can employ for that end (c): which bodies on a careful 

Divided into review have been found commodiouſly reducible to three capital claſſes, by 
kingdoms. the chemiſts called kingdoms, 

Foffils dd. 3. The firſt claſs contains Foſſils, or as they are more uſually called, Mine- 

| rals ; which are defined © natural bodies, found either in the bowels or on 
«<..theurface of thecarth ; of fo ſimple a ſtructure that the cloſeſt 12 2 
„een by the beſt microſcopes, has not been able to diſcover any diverſity 
6 between the veſſels and their contents; but each part. a perfectly 
6 ſimilar to the whole; tho' in many of them there certainly is a compoſition 
« of ſolid and fluid parts (d).“ of 


the fil, able, and animal kingdom. This (4) This character holds of ſoſſils, and of 
diviſion, which at firſt ſight appears groſs and them alone: thuy gold, filver,-and the other 
inaccurate, is, in reality, ſubtile and adequate; metals, antimony;- ſalts, ſulphurs, ' ſtones, 
being taken from the three different manners and other aminerals,-really. grow fixed tothe 
of growth _ — 2 — 4 or, earth — and if — divid into the 
excepting rima ements, fire, minu t every where a 
air, water, and — 1. Au bodies either the ame fimilar olid matter, — — 
ro adhering to the earth, in ſuch manner, few of veſſelt and juices, And thus, ſhould 
I⁊ as that there is no apparent diſtinction of it be urged, that ſpirit of wine | muſt, 


* 


— 


a containing and contained, (viz. of veſ- 
— — —— — in them) which are 
Or, 2. row adhering to 

the —_— ſo. that there re real difference 
of veſſels and juices diſcernible therein ; which 
are vegetables: Or, z- Th w without 
adhering to the earth at all ; and are called 
animals.” Each of theſe are confider'd in 
--(0)-Being thus dittinguiſh'd from caſual ex- 
iments,” or. random trials, which, how- 


7 — of the art, produced 


conſiderable: effects, and made many unex- 
pected diſcoveries : Thus 


te) Our author's œconomy here is admira- 


e: his definition is an epitome of his book; 
er the book a paraphraſe on the definition. 


He firſt gives us the whole in miniature; then 
takes every part in its order, and — it. 
When he comes to body, that complex og, 


on this footing, be a foſſil, becauſe homoge- 
neous in all its parts, and-exhibicing . 
ſtinction of veſſels. and juices ; the anſwer i 
obvious: ſince ſpirit of wine, as ſuch, is not 
generated of, or under the earth ; neither is it 
a vegetable; that denomination including the 
whole compages or ſtructure, out of which 
the ſpirit of wine is ed. Or if it be 
ſaid, that antimony ſhould then be no foſli; 
fince it contains an heterogeneous ſulphur : it 
may be anſwer'd, that as to our ſenſes, tis in 
all „ I ſince whatever portion 
you thereof, tis the ſame indiftinguiſh- 
able matter, and has all the characters of 
antimony. | | 


27 are either ſimple; or 
ided 


, are ſuch whoſe parts, howſoever 
— are all of the ſame nature, that is, of 

ame gravity, magnitude, figure, 
and — as quick-filver, which, tho 
divided to infinity, is ſound every where the 
ſame in all theſe reſpects. C 


nd fofiis 
are — which may be reſolved into — 
rent, or diſſimi s 3 or, whoſe 

unlike in — 1 „ hardn — aud 
mobility: as antimony, which may be fe. 
* firs into a ſulphur, and a meiali 


Tit 
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* 


two theſe characters were firſt uſed? Thoſe of the chemiſts 


The Theory of CuRMIs TRV. 


Of ME TALS, 


I. The firſt bodies in the foſſil claſs are Metals; whoſe characteriſtics ate 
to be © the heavieſt of foſſils, fuſible by fire, but cohering again in the cold, 
« ſo as to become ductile and diſtendible under the hammer. | 
2. Of theſe in all ages have hitherto been found only fix ſimple ones, vix. 
gold, filver, copper, tin, iron and lead. The ancients indeed added quickfilver 
to the number; but this, as wanting hardneſs, ductility and fixity, has no 
pretenſions to be a metal (e). However, the great affinity it bears to the 
reſt, in reſpe& of weight, ſimplicity, the place where it is found, and its 
eaſy uniting with other metals, has given riſe to a very ancient opinion, which 
prevails much at this day, that mercury is the chief baſis or matter of all the 
metals. | 
3. It appears ſomewhat ſurprizing, that the ancient Perfans in their reli- 
ious rites, always called the ſeven metals, which they knew were produced 
in the earth, by the names of the ſeven planets found in the heavens. And 
what is more, the aſtronomers and aſtrologers ſtill make uſe of the ſame cha- 
racers, viz. ©» ), N. 2, . *, P, to denote the planets, as the chemiſts 
do to ſent the metals. Whence a doubt may ariſe, among which of the 
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Metals ds- 


e . 


How 

— . 
Mercury, if a 
metal. 


Ancient cha- 
racters of 
metals. 


E- 


tis certain are Signifcations 


well adapted to expreſs their reſpective bodies, according to the hieroglyphic of 4 * 


1 5 | method z as will appear from a cloſer examination. 


K 2 | 4. 


The ſimple foſſils are, (1) Metals. (2) Salts. 
I Stones, both vulgar and precious; 
(4) Earths. be 0d 

The compound foſſils are, (1) A ſulphurs. 
(2) Semi-metals, or properly, mineral; ; and, 
(3) Bodies combined of the preceding foſſils, 
either fimple or com . 
Metals making the primary claſs of foſſils, 
the author treats of them in the firſt place, 

. (e) Fiz. According to the definition here 
laid down, which, however, may perhaps be 
yore arbitrary, See the account of quick-fibver 
Such is the proper idea of a metal, which 
15 no way applicable to any other body in 
nature: for a diamond, tho' a fimple body, 
in not /ufib/e in the fire, nor capable of bei 
firetched under the hammer. And ſalt, tho 


diſſolvable by fire, is not maHeab/e, but breaks | 


under the hammer. It may be added, that 
there are certain woods, which yield in ſome 
meaſure to the hammer ; but then they fall 
to aſhes in the fire ; and ſo bf the reſt. 7 
The author has ſaid nothing here of the 
origin, or formation of metals, which there 
are ſeveral hypatheſes to account for. Some 
ſuppoſe the metallic particles were form'd at 
— I. of all things, and rang'd by the 
0 


vity in regular , frata, near the 
centre bryan” 


encreaſe and 


fince been rais'd, by the action of the central 
heat, up towards the ſurface, and 1 
there in various parts of the globe. 

ſet aſide this præ · exiſtenee, and ſuppoſe me- 
tals to be form'd, or generated de , by 


the accidental mixture of ow 
ome 


not metallic till they mixed. And 

have it that metals have their origin from 
ſeeds, or eggs 3 whilſt their production is only 
the opening, or expanſion of theſe ſeminal 
parts, in the nature of organized bodies, with 
veſſels and juices circulating in them. But 
whoever carefully attends to all the phæno- 
mena of mines, and compares the appea- 
rances of all ſorts of ores, as we find them 
in the cabinets of naturaliſts, will perhaps ſee 
ſufficient reaſon. to think, that all metals were 
once in the form of vapour or fume, which 
gradually lights and ſettles yn ſto- 
ny mineral ſubſtances, preferably to the reſt, 


as if they affected certain bodies, from a ſe- 


cret relation between them, and thus receive 
growth from the conſtant acceſ- 
ſion of ſimilar fumes, till at length they a 

pear in the form of ores, viſible metallic 
grains, or differently figur'd lumps of their 
own kinds reſpectively; . ſomewhat after the 
manner of cryitallization.. This, at leaſt, is 


the beſt account that we can at preſent give 
of the matter. : 


N 
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4. + deyotes any thing ſharp, gnawing or corroſive z as vinegar or fire : 
A to be ſtuck ot with barbed ſpikes. 
O. Denotes a perfect, immutable, ſimple body, ſuch as gold, which has no- 


thing acrimoyious, or heterogeneous adhering to it. 


5. Denotes half gold; whoſe inſide if turned outwards would make it en- 


tire gold: as having nothing foreign or corroſive in it; which the alchemiſts 


obſerve of fil ver, n de | | 
N. Denotes the inſide to be pure gold, but the outer part of the colour of 
ſilver, and a corroſive underneath ; which if taken away would leave it mere 
gold. And this the adepts aſſert of mercury. 

2. Denotes the chief part to be gold ; whereto howeyer adheres another 
large, crude, corroſive part; which if removed would leave the reſt poſſeſſed 
with all the properties of gold. And this the adepts aſſert of copper. 

F. Likewiſe denotes gold at the bottom, but attended with a great propor- 
tion of a ſharp corroſive, ſometimes amounting to half of the whole; whence 
half the character expreſſes acrimony, which accordingly both alchemiſts and 
phyſicians obſerve of iron. And hence that common opinion of the adepts ; 
that the aurum vivum, or gold of the philoſophers, is contained in iron; and 
— % univerlal medicine is rather to be ſought in this metal than in gold 

TT | 
/ Denotes half the matter of tin to be filver, the other a crude corroſive 
acid] which is accordingly confirmed by the aſſayers; tin proving almoſt as 
fix'd as ſilver in the cupel, and diſcovering a large quantity of crude ſulphur, 
well known to the alchemiſts. f 

g. Denotes almoſt the whole to be corroſive, but retaining ſome reſemblance 
with filver:: which the artiſts very well know holds true of lead. ? 
. Denotes a chaos, vd , world, or one thing which includes all: this 
is the character of antimony ; wherein. is found gold, with plenty of an ar- 
ſenical corroſi ve Y. | 


LY 
their characters 9 bod. pen that even the 


1. The elements of chemiſtry, perh 
25 12 moſt learn'd of their ns ſcarce under- 


2 ) 
ſhould rather be kept clear of theſe caball 


cal conceits, for fear of giving a wrong turn 
to the mind at its firſt ſetting out in this prac- 
tical ſcience ; tho* they may have their uſe 
in reading the alchemiſtical authors. 
2. Theſe characters appear to have been in 
uſe amongſt the moſt ancient chemiſts. 
are ſaid to be of a thouſand years ing; 
and to have been originally taken from 
religion of the Perfians. Tis certain, there 
have always been two ways of writing : the 
one by letters, arbitrarily Jour on to de- 
— as that in uſe among us: the 
er by characters, or images of the thin 
denoted, call'd >ieroghphics ſuch was thin 
of the ancient Foyptians; who to denote a 
dog, put a dog's head; for a ſtout man, a 
Hon; for a perfect thing, a circle, &c. which 
manner ftill obtains among the Chineſe ; and 
hence that difficulty, ſo much complain'd of, 
z the number of 


* 


its centre: now the circle is a ſym 


ſtand a twentieth part of them. The images 
they uſe are ſuch as we ſometimes ſee in our 
porcellane, or china-ware, which thoſe 

_— read. This hieroglyphic, or cabal- 
iſtic manner of writing was adopted by the 
chemiſts ; who denoted their metals by cha- 
racers, that ſeem drawn from the very depths 
of chemiſtry, and hold forth the intimate na- 
ture of the metals themſelves, Their firſt 
character @ gold is à circle with a _ 
of per- 
fection, and fimplicity ; and was always uſed 
as ſuch by the ancient caballiſts: in reality, 
there is no figure more ſimple, uniform, or 
perfect than this; it comprehends the great- 
eſt ſpace, under the leaſt ſuperficies ; and all 
the radi; drawn from its centre to its circum- 
ference are equal: properties which corre- 
ſpond very aptly to ſun in the heavens, 
and to gold on the earth. 4 


1 I 
bo M LE a =, 


% 


8. The proper and ſpecific 


trot ſimple of all metals, and at the ſame 


time it is the moſt ; as being the hea- 
vieſt, and —_ the 
matter under the leaſt ſurface, 
therefore, is well denoted by the figure. 
3. C is the character ſignifying fiver on 
_— ta ws moon in — - —— This 
would be a perſect circle, if the inner part 
—_ properly applied tothe outer. Now the 
chemiſts all agree, that filver is half gold: 
or part of it gold, only that part lies hid, 
Accordingly its character denotes half 
ed ; for, ſay they, if you can but turn 
the gold part that lies hid in the ſilver out- 
war your filver will be converted into 
gold. Thus gold being accounted the moſt 
perfect of all metals, filver comes the neareſt 
thereto ; — tis a ſort of ſemi- 
gold. Monſ. Homberg ſhews, that fil- 
ver, perſectly 'd of all gold, being kept 
a long time in the fire, always gains a little 
portion of gold, that is, part of it becomes 


4. Copper, is a circle, with a croſs un- 
derneath ; and denotes, that the body or baſis 
is gold, tho' join'd with ſome-<corrofive men- 
ſtruum. For a croſs is the character whereby 
all corroſives, as fire, vinegar, and other 
ſharp diſſolvents, were denoted by the an- 
cients; thoſe being things that uſed to tor- 
ment, and as it were crucif5; now, all the 
adepts allow copper a nobler metal, only de- 
baſed by a ſharp, corroſive, or arſenical poi- 
fon, ing thereto, which is capable of 
deſtroying men, and which, when taken a- 
way, — copper BY _ — —— 
copper metals, ſilver excep is 
allow'd to come the neareſt to 261d. 

MA 
gold at t ttom, its upper part is 
too ſharp, volatile, and . ; which 

taken away, the iron would become 


; | gold. — the chemiſts hold that 


iron comes to gold after copper. "Tis 
Baſil Valentine's n__ that Mars and Yenus 
— * Sol. of prof ſame ou _ 

uces iron by wa opopeeia, ſaying, i 
you put off my „ that is, the corroſive, 
you will come at my ſoul, that is, the intrin- 
fic nature of iron. 

6. M Tin is held to be one half luna, or 
filver, and the other half corroſive; which 
is denoted by the ſemicircle, and the croſs 
added thereto. In effect, it comes the neareſt 
of all metals to filver, and has moſt of the 
properties thereof, excepting weight: and 
agree in this particular circumſtance, 


Ly 


* 
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liſts in their weight, — 
charac- 


teri tic of 


characteriſtic of metals conſiſts in 
v herein they far ſurpaſs all other bodies. And this property being the moſt dif. 


greateſt 2 
ts nature, 
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ficult metals. 


that they both bitter in acids; which 
no other metals do. Mr. Boyle ſuſpects, that 
tin and ſilver may be the ſame body; only 
that there is. much corroſive ſulphur in the 
former : hence filver and tin fuſed together, 
mix and  cohere ſo intimately, that they can 
ſcarce be ſeparated, even by lead. 

7. h Lad, appears to be the character of 
tin inverted, with the corroſive paſſing thro? 
the middle. It is variouſly wrote, bas fre- 


| + 
quently a double croſs N, to ſhew that it cor- 
rodes on all fides. Accordingly, all metals 
are deſtroy'd lead ; gold and filver only 
excepted : and hence this character is uſed to 
denote it principally as a corroſive, tho“ the 
middle part bears ſome reſemblance to filyer ; 
as there is a real correſpondence between lead 
"7 0, Mikoer den ly ſhews gold 
8. nic evidently in 
the ata or body of it, filver at , or 
in the face, and a corroſive at bottom: ac- 
cordingly, all the adepts ſay of mercury, that 
it is gold at heart, whence its heavineſs ; 
that its outſide is filver, whence its white co- 
lour ; but that there is a icious, corrofive 
ſulphur adhering to it, by the croſs ; 
that the quantity of ſulphur is here ſo great, 
as to render it wholly volatile in the fire; 
that the more tis burnt, the nearer it comes 
— * and that were it | nr, calcined 
—_— ified, and its colour changed, it would 


be gol 
9. & Antimony is a circle ing the body 
A Frag Fybdear yoo , to ſhew 
it a corroſive ; and becauſe the corroſive pre- 
vails, the croſs is placed at ” Accordingly, 
n all metals, ex- 
cept d; the other five, with tones, ſalts, 
„ Bing all los in the corrolive. Again, 
the character of antimony is the ſame with 
that of zellus, or the earth; as being a ſort 
of chaos, or univerſal body ; and accordingly 
Bafil Valentine calls it all in all. 

10. We now ſee why the ancient chemiſts 
had recourſe to a kind af images of bodies, 
and directed their followers to ſeek for all 


table of them in 4 e, thou y 
printed. Vid. G. Ec. . 11. P · 179 
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Cold, its cha- 


raders. 
Weight. 
C * ; mn f 


. 3 


ficult to be procured 


that of 
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by art, affords us a certain criterion, whereby metals 
may be diſtinguiſhed. The weights of the ſeveral metals in proportion to 
| pure water may be aſſigned, from the Philoſophical Trauſactions (g), 


Gold. . 19636 


Quickſilver . . 14019 
Lead 11345 
Silver ..... , 10535—T1087 


Copper 


8843 


Ion 7852 


_ 
Granate 
Glaſs 


< 
0 


7321 


3978 
2805 


Pump-Water . 1000 


6. Hence ariſes the beſt method of examining unknown bodies, in order to 

whether they contain any conſiderable quantity of metal. And by the 
ſame means we alſo frequently learn of what kind the latent metal is. Hence 
alſo appears the great difficulty of increaſing weight, ſo as by condenſation to 


turn other metals into gold, or other bodies into metals. And 


in we learn 


from hence what matter comes the neareſt to gold, and is the readieſt for being 
changed into it, with regard to weight (5). 


| @ Phil. Tran/. Ns. 169. P. 926. and No. 


I . 694. 
: M criterion of 8 
ſo abſolutely certain as to be depended upon 
in all caſes ; ſome marcaſites that yield no 
metal, are as heavy or heavier than true ores; 
and ſome tin- ore, as particularly that call'd 
tin- grains, is ſpecifically heavier than the me- 
tal it affords ; and I am aſſurd by an unex- 
ceptionable judge, that he once examin'd a 
mineral ſubſtance, ſpecifically heavier than 
Id: ſo precarious a thing it is to form 
rules, before all the inſtances are 18 
cut on both fides of a queſtion. And this 
ſhould be carefully remember'd, as we pro- 
ceed in the hiſtory of metals, otherwiſe we 
may reaſon wrong in a very material point, 
and imagine ourſelves fully poſſeſs d of tru 
whilſt we are really under a miſtake. | 
(i) We obſerve that it weighs above nine- 
teen times more than water, taking bulk 
for bulk : and this pro is inſeparable 
from it; no certain method having yet been 
found out to render gold more or leſs heavy : 
ſo that tho' all the other properties of gold 


O. 
1. Gold is (1) the heavieſt and denſeſt of all bodies 
(2) The moſt ſimple (x) of all bodies ((). 


OY. 


(3) 
haps be imitated, its weight alone 
ſeem $ lim ibi — there, we th 
e ſpecific gravity , e is proba 
real gold; 6 fl have 8 maſs of — heavier 
than mercury, there may be a ſhare of gold in 
it, fince, as already obſerv'd, we find no inter- 
mediate body between mercury and gold ; for 
inſtance, no body which is to gold as 16, or 
18 to 19. Whoever, therefore, would make 
gold, muſt be able to add to the weight of 
other metals; ſo as to render them equipon- 
derant with gold. Hence, if any fraudulent 
alchemiſt ſhould obtrude a metal on you for 
gold, take a piece of pure gold, hang it by 
a hair or thread to a nice ballance, and hang 
an equal weight of the ſuſpected gold by 
another hair, to the other of the beam 
then ms both pieces in water, if che 
alchemiſt's gold be the water will retail 
both pieces in equilibrio, otherwiſe, the adul- 
terate metal will riſe, and the pure deſcend. 
(4) Unleſs the pureſt mercury be an ex- 


tion. 
1 By a ſimple body we mean that whoſe 
minateſ part has all the phyſical propetts 


w_—O» — * ” ow — 
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(3) The moſt fixed of all bodies; both in air and fire; infomuch that an Fig. 


ounce of it being expoſed for the ſpace of two months in the eye of a glaſs-, 


furnace, it loſt not a ſingle grain: whence it appears to be incorruptible. | 
(4) The only body that reſiſts the force of antimony and lead (m); neither of Refift 2 


which will turn it into cori; but bein 


bottom. Hence it is the leaſt changeable of all bodies hitherto known, and 
even perhaps utterly. immutable by any phyſical cauſes, Whence the alche- 


miſts unanimouſly aſſert that it is eaſier to make gold than to deſtroy it (). 


of the whole maſs. Thus, if a grain of 
be diſſolv'd in agua regia, and a ſingle — 
of the ſolution be taken; a particle of gol 
may be ſe 
be the millionth part of the grain, and yet 
have all the characters of gold, except thoſe 
that depend upon magnitude. Or, if you 
fuſe a ſingle grain of gold with a maſs of fil- 
ver, and mix the whole together; ſo that 
the gold ſhall be equally diſtributed thro the 
whole maſs; you will have in a particle 
thereof a particle of perfe& gold, in all re- 
ora like the. whole grain. Accordingly, 
iſſolve any part of the mixture in aqua fortrs, 
and a quantity of gold) will precipitate to the 
bottom; bearing the. ſons proportion to the 
grain, that the part diſſolved did to the whole 
And on this- principle chiefly depends the 
art of aſſaying ; Er ifyou carry a maſs of gilt 
filver to an artiſt, he takes a ſingle grain there- 
of, melts it to mix the gold nd fl er well 
ether, then puts it into agua fortis to diſ- 
ſolve the ſilver, upon which the gold falls to 
the bottom. And from the proportion of the 
gold ſo found, to the whole grain, he com- 
tes how much gold is in the whole maſs. 
- The alchemiſts, however, hold their aurum 
philo/ophorum to be ſtill more fimple than gold ; 
as conſiſting of mercury perfectly clear'd from 
all ſulphur ; but 2 4. there be any ſuch 
thing in nature, will admit of a queſtion ; mer- 
cuty, abſolutely pure, and free of fulphur, 
being what we muſt acknowledge ourſelves 
never to have ſeen, © | | 
(m) By reſiſting, we mean, that when melted 
with them in a cupel, it does not diffipate, 


and fly off in fume, but remains fd. The 


chemiſts have two kinds of lead, or Sa- 
turn ; vis. the Saturn of Luna, or common 
lead; and that of 65%, called alſo the Saturn 
2 be which is antimony. No 

es but gold and ſilver reſiſt the firſt; and 
none but gold alone reſiſts the ſecond; they 
term each of them /avacrum leproſorum, or the 
leper's bath ; intimating hereby, that all other 
metals, except gold and filver, being teſted 
With lead or antimony, ly off in fame. Lead, 
particularly, they call & folis & lane, 


ted therefrom, which ſhall only 


(5) 
the ſun and moon's bath; or Balneum regis & 
regine, the king and 's- bath ; as filver 


and gold thence come out the purer, whilſt 
all oth 


er metals are deſtroy'd therein. 

Thus, if a maſs conſiſting of gold, filver, 
copper, and other together with ſtones, 
or other bodies, be fuſed with ten times their 
quantity of lead ; the ftones, and all other 
bodies not metallic, will flow on the ſurface, 
and be eaſily blown off by the bellows. In 
the mean time the lead drawing all the me- 
tals, except the gold and ſilver, to itſelf, riſes 
along with them into a ſort of droſs; and is 
likewiſe blown off by the bellows, or goes 
away in fume, or vitrifies with the — 

As to antimony, a quantity thereo — 
put in a cupel, along with pure gold, and 


the whole fuſed, and kept in a ſtrong fire, 


the antimony all evaporates, and leaves the 
gold alone: which does not hold of any other 
metal, not even fi/ver itſelf. Whence anti- 
mony is 1 called ba/neum folis, the 
ſun's bath, and lavamen ſolius regis ; devora- 
tor, * metallorum, &c. Hence, antimony. 
is uſed as the laſt teſt of gold ; to try the pu- 
rity whereof, à grain or two being teſted: 
with twenty times the quantity of regu/us of 
antimony, till the antimony is either evapo- 
rated, or turn'd to a ſcoria, to be blown awa 

by the bellows, and the gold have fulminated,' 
as the refiners _ 3 is, EW — 4 
a where ſimilar, unable. 
This being! done, if the gold have loft no- 
thing of its weight, it is allowed perfectly 
pure, and called gold of twenty-four carats 3 
or if it be found t hghter, it is ſaid to be 
twenty-three carats fine. - 0 


(=) Mr. Boyle gives us an i - where- | 
in a quantity Id was ſo chang'd and 
debaſed, by the admi of an exceeding little 


ment, not unlike bell-metal, the gold itſelf was- 
left of a dirty-colour, and loſt its ſpecific gra-- 
vity ſo far, that inſtead of being nineteen times 


S 
Y 15 4. is operation appear'd to Mr. 
Bvjle almoſt 2s m . projefiion,-Sog- 
Bl. 4br. Vol. I. p. 7% ; 


melted. with them, it ſinks to the 1,59 


12 


DuBiliy. (5) The moſt ductile of all bodies (o). The gold - beaters with their ham- 
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mers, can extend a grain of gold between ſkins made of ox-gut, into a leaf 
containing 36 ſquare inches and an half, and 24 ſquare lines. So 48 ounces 
of ſilver formed into a cylinder, may be gilt with one ounce of gold and 


be afterwardsdrawn into fine wire, two yards whereof weigh only one grain, 


and conſequently & of a grain of gold is extended over the whole ſurface, 


which however, when viewed even with a · microſ 
and cloſe as not to diſcover the leaſt atom of the filver under it. 
of a grain of gold is here viſible to the naked eye; the 


exceeds not by computation 1 part of an inch (p). It 


ſequently 755555 
thickneſs wh 


„is found ſo denſe 
Con- 


has alſo been ſhewn that gold, on the fineſt filver-gilt wire is only Tests part 


of a line thick (). A drop of a ſolution of gol 


in aqua regia, mixed with 


A — of rectiſied ſpirit of wine, will communicate a metalline taſte to the 
w 


ole; and added to a ſolution of two 
water, it will give aduſky purple hue t 


ns of tin in a very large quantity of 


— Laſtly, Hoffman, a dextrous 


operator at Auſburg, by a very extraordinary proceſs (7), drew a ſingle grain 


of gold into a wire 500 foot long (). 


4 

(s) Sir Jſaac Newton ſuſpects, that the pri- 
mitive, or com t particles of all d 
are hard ; that they are only laid together ; 
and that the cauſe of their coheſion is ſome 
attractive force ſuperadded to them, whereby 
they unite t er into 1 and 
thoſe at length into ſenſible es. Now, if 
the compoſition be ſo, as that the particles, 
under the circumſtances of their attractive or 
coheſive force, are liable to ſlide eaſily on one 


another, the body becomes ductile, or mal- 


leable, or ſoft “. 
- (8) Halley in Philoſ. Tranſat. No. 194. 


P. 549. 
3 Mem. de Þ Acad. an. 1713. p. 10. 
(r Caius of auro. 5.77. : ; 
J Our gold-beaters and wire-drawers fur - 
niſh us with abundant proofs of this property: 
every day A 29. wg into leaves, or /a- 
mellæ, inconceivably thin; yet without the 
leaſt aperture or pore diſcoverable, even by 
the microſcope : 'a ſingle grain of gold may 
be ſtretch'd under the hammer into a leaf that 
will cover a houſe ; and yet the leaf remain 
ſo compact, as not to tranſmit the rays of 
Light, nor even admit ſpirit of wine to tranſude. 
Dr. der the following method to com- 
pute the r 
wire: drawers, an ounce of gold is ſufh- 
cient to gild, that is, to cover, or coat a ſil · 


ver cylinder of forty-eight ounces weight ; 
which cylinder may wn out into a wire 
ſo very hne, that two yards thereof ſhall only 
weigh. one grain; conſequently ninety- 


cight yards of the ſame wire only -nine 
rains. So that a ſingle grain of gold here 


* Newt. Opt. p. 350. 


| | (6) 
dos ninety-eight yards; and of courſe the 
thoakadth rare of a grain is here above 
one third of an inch long. And fince the 
third part of an inch is yet capable of being 
divided into ten leſſer parts, viſible to the 
naked eye; it is evident that the hundred 
thouſandth part of a grain of gold may be 
ſeen without the aſſiſtance of a microſcope. 
Proceeding in his ca/culus, he found, at length, 
that a of gold, whoſe fide is the hun- 
dredth part of an inch, contains 2,4 33,000,000 
viſible parts: and yet, tho the gold where- 
with ſuch wire is coated, be ſtretch'd to ſuch 
thar Ther is nt any appearance if he clo 
at is not any a 0 
of the ſilver underneath. 
Mr. Boyle examining ſome leaf gold, found 
that a grain and a quarter's weight took up 


an area of fifty ſquare inches: ſu 8 
thereſore, the leaf divided by T tie 

; of an inch apart ; a grain Id will be 
divided into five hundred thouſand minute 
ſquares, all diſcernible by a good eye. F 
gold-wire, the ſame author » that an 
ounce of gold drawn out therein, would reach 
155 miles and a half f. 

But M. Reaumur has carried the duQtility 
of gold to a ſtill greater length : a gold wire, 
every body knows, is only a ſilver one gilt. 
This cylinder of filver, cover'd with leaf gold 
they draw through the hole of an iron ; 
the gil ding ſtil! keeps you with the wire, 

it to what length they can, Now, 
M. Reaumur ſhews, that in the common way 
of drawing gold-wire, a cylinder of filyer 22 
inches long, and 15 lines in diameter, 4 


+ See Bol. Ar. Vol. I. P. 405. 
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(6) It is ſoft, and 2 ly elaſt 


7) It melts by fire, but 
gaſcar there is a ſofter kind whic 


ſtretch'd ta 1163520 feet ; or is 634692 times 

longer than before ; which amounts to about 

97 leagues. To wind this thread on filk for 

* hs, 0 ey firſt flatten it ; in doing which it 

25 — at leaſt 3 further'} ſo that the 22 

inches are now 111 but in the flat- 

tening, inſtead of 4 they could ſtretch it 4, 

wie would bring it > 120 leagues. This 

| apyenns a prodigious extenſion ; and yet it is 

nothin 

i The cylinder of ſilver m 

deen cover'd with one ounce of gold, inftead 

of fix, which we have hitherto ſuppoſed : the 

gilding indeed in this latter cafe will be but 

thin; but ſtill it will be gilding, and no 

point but will have its cover of gold. On 

this footing M. Reawmer computes, that the 

thickneſs of the gold-leaf on the wire, is 

red of a line. He adds, that as the leaf- 

gold is not every where the ſame thickneſs, 

t at leaſt ws as thick in ſome as 

| others; in the thinneſt parts it will not be 

= 2bove a 5250o0oth part of a line, or the 

= 63o00000th part of an inch. 

| Yet this is not the furtheſt we can go: in 

flatting the wire rx. between two wheels, 

it may be extend ble the breadth hi- 

therto ſuppoſed ; in which caſe the thickneſs 

of the leaf will be reduced to 1 
Jon — 2 of a line, or a twelve millionth of 


"Yes, after all, a piece of this gilt- 
opus fri the ver will be diffolv'd, 
and the gold a perfect, continuous tube 
r or force of coheſion in the 
1 s ſcarce leſs than 
nite, 


d, which appear 
wes is being freed from com- 
mon ſulphur: for mix but one fingle 
ur with a thouſand grains of 


might only have 


grain 


of d, 
Ft maſs ceaſes to be till the 
1 * as be evaporated. And hence we have 


ME = ſtrong preſumption, that the leſs tenacious 
metals, . and iron, contain a large 
quantity of ſulphur. 

The 1 diviſibility of gold is learnt 
from another experiment : for exam example, take 
a pound of filver, and fuſe it with a Iz 
grain of gold; the gold will diffaſe i 


y through cle of th 
ME 
. 1 

0 ttom, w 
Narr ef the ſame proportion to the 


* Mem. de Þ Acad, an. 1713, 


The Theory of Cunusray. 
* A 
ites and grows hot (a) o in Ade 5 1 | 
K than by's gentle ies — 
(8) It is diſſolvable by ſea · ſalt (y), and the preparations thereof; 


like lead (. 


Auntoucb'd. 4? 
grain of gold, as the gold in the nfs had to 
the whole maſs. 

(t) Its ſound, when pure, is not very clear, 

or tinkling, but rather obtuſe, and reſembling 
that of lead. For gold being ſoft and flexi- 
ble, has but little and conſequently 
is not mach diſpoſed to trembling or vi- 
bratory motion n roduce ſound. 
Add ſilver or copper to it. — it becomes ſo- 
norous enough: but without admixture, th 
. even rr * it yields no 
at 

(s) It requires 3 
fuſe it greater era 
or tin; tho* much lefs than iron, or c 
— 2g : 8 — 

e ignite grows t 

fore it — 4 Sh 5 gon ariſes hence, that 
the one ſuſtains a greater n hear than 
the 2 5 in * to ＋ 4 


vehement 400 60 
than either lead, 


— 


own m except agua — arid mer- 
the property. is called — 


ſwer the ſame end as ſea - ſalt ; but tis 
24 


ſo far as they are of the ſame nature and 
with ſea · ſalt ) as will be ſhewn in the chapter 
of /alts. regiay then, is a ſort of a 


rin eral ſalt z 'tis prepared four 


proportion of 
vera 
gent; of TINT ie See es 


fon, ith , or ſpirit of nitre. 
rj woes from which Mr. 


e eee 


be dĩſſol ved with 
gen et 
e 


ſpiri rit, wherein there is a ſmall 


* r. 


Ann 


N 7 


; _ remains, Dip 
, 


mmon als,. 
y * 


goes —?—½ f —ęꝝ——˙ — — 


*. 


De Theory of CRHULIs TRV. 

Not iable untouch'd by any other ſpecies of ſalts. Hence it is not liable to ruſt; 
becauſe aqua regia and ſpirit of ſea · ſalt do not float in the air (2). 

Unite: with (9) It very readily unites it ſelf with pure quickſilver (a); not ſo readily with 

guickfilver. 1 as is uſually . even with heat. When diffolved in aqua regia, 
And precipitated with falt of tartar, it has a fulminating property (5). 

Zain no of® (10) Nor ever waſtes it ſelf by emitting Muvia, or exhalations (c). 


like ſea-ſalt ; which, mixed with ſpirit of 
nitre, makes a menſtruum that diſſolves gold. 
To conclude, no ſpirit, or falt, whether 
acid,” or alcaline, gold, unleſs it have 
a mixture of common, or fſea-ſalt : thus, if 
take a dram of gold, put it into a clean 
glaſs. veſſel, and upon. it ſpirit of ſulphur 


per camparam, oil of vitriol, or 1 irit of nitre, 
either hot or cold; will have no effect 


on the gold; but it will remain untouch'd, 
as if it were a diamond: but if into ſo many 
vials, each containing one of theſe ſaline li- 


uors, with a tity of gold, you add a 
e ſea ſalt, of fal m, 4 — in form of a 


55 


and 
ſhops, where we find them often, and ſee odd 
effects ced thereby. 
(a) It readily, and ſpontaneouſly, as if by 


ſome magnetic , attrafts, and abſorbs 
z but Gee nor thas incoraie.ins (pe; 
cific gravity. | We have. made the expe 
old dilated, or 
24 


—— — 
grains of twenty 
carats fine, and the maſs be weigh'd hydro- 
atically againſt two grains of. the ſame gold 
without, m z it will be found ſpecifi - 
cally lighter : Add, that as ſoon as the mer- 
—— enters — bold, it is render'd — 
— ; conſequence is thinn'd, or 
— wa | | | | 
+ (6) Thus making what is called aurum- ful. 
minans; which gives. a much ſmarter and 
Jouder report, than the common pu/vis ful 


ed is-the mad ir d of all bodies; 


gold 
3 and ſooneſt in the veſlel that con- 


- 


. Cars de Chymie, p. 272. 


as containing too much ſulphur, which volz- 


© yields no aſhes, and you have no glaſs. Ade, 


2, 
„and others, have made experiments to 
eg a quantity of very pure gold being 
laced in the eye of a glaſs-furnacez it was 
und at the end of two months not to have 
loſt any ſenſible part of its weight; tho' it 
had been all along kept in continual fuſion ; 
inſomuch that other bodies would have thus 
been diſſipated in a much leſs time. 
Whence this property ſhould ariſe, is not 
eaſy to ſay ; unleſs the particles of gold being 
all homogeneous, and equal, equally ſuſtain 
each other, and leave equal pores between RE 
— thovegh which, L * fuſed, the fire ih 
an, 6p pallags. ame property is 
obſervable, though not in the — „ 
in ſilver: the other metals are much leſs & d, 


tilizes, and carries them off in fume. Fromm 
this circumſtance of fixity, — proper, SJ 
that gold alone has its juſt proportion. of fire 
and is itſelf no other than fire perfectly con- 
centrated, But M. T{hirnhaus, and others, 
have made large double burning-glaſſes, in 
whoſe foc; even gold itſelf readily. volatilizes, 
leaving behind a part converted into, glass 
Some philoſophers, however, conteſt the rea- 
— this vitrification : tis certain, that it 
gold be expoſed to the focgs of a burning · glaſ 
on a piece of charcoal, as is uſually done, i: 
y diminiſhes ;. and in proportion to the Bl 
diminutzon, there ariſe an infinite number of 
little glaſſy drops of a. greeniſh colour, which 
ſwell, and. enlarge in proportion az the gold | 
diſappears. But this, ſay ſome, is no de- 
« monitration that the gold is. vitrified : 'w 
rg nag Tg mr 
'ting wi e gold, , vatrikes: 
* for let —— on a. body. which 


* that if this glaſs be fuſed aver again, and 
« fat matter ated thereto, it. a — returi 
to. its former ſtate of, gold, as all other ne 
* tals are found to do.*.” The like expe Wl 
ments have been made at Fanden with M. Ji. Wl 
ktte's burning concave. Hence, we conclude 
that there is no body abſolutely. Ard in «| al 
nature; fince gold, which has the fairelt pre 
tenſions, is not ſo. | | 
It may be obſerv'd however, that go 
mix d with ſome volatile bodies, does 2 
l 4 
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De Theory of CH EMI TRY. 
2. Gold is ſometimes found naturally pure in certain 


ſome of which have been of two pound weight. This is called 
ryzZium, which uſually, however, requires a further purification by t 


being rare that any ore contains pure gold without a mixture of other metals: 
and by ages of filver. Sometimes alfo there is lead mixed with it; but rarely 
the 


any o 
a greater or leſs quantity. 


other imperfe& metals. It is found in moſt parts 
po Its ore is uſually white, ſometimes marked with Orer of #- 


of the world, in 


black ſpots, which is the beſt kind: but there are alſo black, red, and yellow 
ſorts in the mines. Among the ore are alſo found vitriols, both white, blue, 
red and green; and ſometimes alſo antimony of gold, as it is called (d). 


rate; but this is the effect of the great vola- 
tility of thoſe bodies, which can carry off the 
geld along with them. If we conſider, 
** ſays Mr. Boyle, how very minute the parts 
10% are whereof gold conſiſts, and into which it 
« js diviſible, it will not ſeem impoſſible, that 
„if we could meet with volatile ſalts of fi- 


« gures fit to ſtick faſt to the 3 of 


« gold, they would carry theſe u g with 
7 — Accordingly, we have — 2 more than 
« one menſtruum, with which ſome particles 
« of oy be carried up ; gn ap- 
menſtruum acutum, W con- 
* A ef ſpirit of * from butter of 
„ antimony, I was able, without a very vio- 
« lent fire, and in the ſpace of a few hours, 
© to raiſe ſo much Id, as afforded a 
2 er quantity A ublimate 2 
old expoſed in a cupel to a large ing- 
glaſs, crackles, emits fumes, . gradual! 1 
miniſhes, and leaves a ruddy dye around the 
veſſel: tis, probably, no other than the earth 
of the metal that gives that redneſs ; for there 
is no recovering of any thing like. gold from 
it: ſo that one would imagine it ſomething 
accruin from. & Hre.os gaaipen of G4 Ip 
1 dels are all the ſenſible criterions of gold; 
whence it is next to impoſſible to be deceived 
therein: ſor wherever theſe ten 1 


have to do with that 


# ©# 
I - 1 14 - 
* 


2 See Boe Ar, Vol. I. 5. 377. 
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3. 
The form wherein gold is found. 

(4) Gold is found in three different man- 
ners or forms. 1. In pure glebes, or clods, 
conſiſting of gold alone ; in which form it is 
ſometimes ſaid to be met with in Hungary : 
— in the emperor's collection are 
preſerved ſeveral lumps of pure gold, ſo found 
in the mines. 2. It is found in a powdr 
form, and then called gold-duſt, or ſand-go 
in the ſands and mud of ſome rivers, brooks, 
&e. r in Guinea ; being wall'd 
down from the mountains, or L hid- 
den veins by the violence of waters, and ga- 
ther'd up by the miſerable natives. 3. It i 
alſo found, and that moſt uſually, 1 Dhiich 
clods, d ont of mined an handed tad By 
or an hun and fixty fathoms deep, inter- 
mixed with other ſoſſils, as antimony, vitrial, 
ſulphur, earths, | ones, . and other metals. 
rare that gold is found otherwi 
than this : we have ſeen ſpe-- 
cimens from moſt parts of the habitable 2 we 
but none of them pure, except thoſe from 
the coaſts of Guinea : tho" the greateſt part 
brought from thence contains ſome impure 
heteroge parts ; the Negroes being apt 
clandeſtinely to mix flings of braſs or cop- 
per therewith. Lax. Ercker, Aſſay- maſler to 
three emperors. of Germany, 75 whoſe di- 
rections were all the mines of Germany, Hun- 


tis rare any earth N pure gold; 


1 


10 copper and filver.” . | 
mountains of Chi ſometimes afford 

pure gold. In the clefts, or drains, between 

ri , is found a fine, ruddy earth, 

neath Which is a lay of blue ſtany matter, 
ſtreak'd here and there with yellow ; and An- 
pure grains of gold, fre 

L 12 7 104 * · * 


3 * 3 17 22 1 * «i 


grains and lumps, 5s whar firm 
hefire it e 


26 
Separation | 
oh 2. os fire, in 


The Theory of Cu nMIsT ay. 


3- The method of ing gold from its ore, -is ( (1) By roaſting it with a 
er to expe] the volatile matters. (2) By boiling it in 
water, to extract the falt and unctuous part, which will riſe and ſwim on the 
top. (3) By grinding it with mercury alone, provided it be not unctuous; 
or if it be, then, (4) 50 grinding 1 it El mercury and calx of vitriol, and boil- 

it in water. Hag _—_ 2 aqua regia, is. 5 6) By means of falts which 
— to fix the con olatile, unctuous, or part, with which the 


gold otherwiſe die off fn. the fire, to great loſs. (7) By mere lotian with 


gold-duſt (). See A 


water, which method chiefly obtains in that | 
upon 

quently of conſiderable le To procure the and other metals : whence ariſe ſeveral pro- 
they direct the current of ſome rivulet ceſſes, or operations for the ſeparating or 


Fir, to off the incumbent earth, and 
2 os — bed of go 2. i they 
& precoqus r ard ca it to 
the lavadero's, where, by e 
E 
« There is alſo'a place in Scotland, where, 
N „ Nee ſurface — che 
they o grains of na- 
2 K. _ any ſpar.—T have, 
«ſays of native metal 
ys by n cane om the fame place, 
weight above for 
* Th BING 
| ve work'd in t - at 
72 5 s Dr. Brown, 


- The mine ſeve- 


ce. > ble rhe 
S veral 'cuts, runs EA 
r 
**-the metallive. Tbe common y 
buy. yu . ae 


from. a dase. 8 


from Germas talc, 84 
thods 

(e We 28 obſerved, that the 
out of mines 


3 2 . 
adhering to it > 1 ſulphur, .carths, . 


3 „Vi Die! „ Com. + fee By! Abf. vol. Il. 322. 
Fin fx 187, 158. and Vol. 


18 Byy. Abr. 


wherein gold old. At 


clearing it of the ſame. q 
1. The firſt is, to reverberate the maſs in the 
fire; or to lay it on a te, and there torrify, 


or roaſt it, ſtirrin d turning it continually, = 
till all the fulp ted in ſmoke. 
This is ——— by the work - 


men themſelves ; and is called torri he 
* and ſeparating 2 from the ſul 

After gently braifng 
the maſs, they Wil t n in water, till it has 
loft all taſte and ſmell ; pouring on from time 7 
to time freſh water, and throwing away tbe 


water is pour'd out, and the gold remains at 
the bottom. The matter remaining in the 
veſſel being well dried, they try by cupella - 
tion, er it be „or not. 

3. If 2 be — oy grin 


| Hiro fees up with mercury an! 6 
T Hoke 6 Bape and after*tis | 


boil, and elixated, what remains i well 


e e bartnc. in a large 
elt al Mis 


draws to Rn. 


2 _ forn * meralli 1 % 
* 1 ER or tw. 


bay Bagel oy Ln 


oo 


but” in this come! bro Fon is fuppoſe al 23 


1 1 5 and all the A * 
the ſecond. - - 


into another, „ e 
7 — out of that e oy 


hich means the cart 


＋ n et v. * * 
F. 33% 0 


17 
1 


, after a ſufficient coRtion, te 


= 


s +538. £$ 
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upon 
ations (F). 
ſubſides. This operation they continue 


. 


y 
5, What remains at the bottom, they 
in a crucible,. or iron veſſel, and ſet it in a 
naked fire ; where, after an intenſe heat, they 
find all the metallic matter at the bottom, and 
the ſceria at the top. 
6. The maſs of metal at the bottom, they 
te from the mercury, by adding lead 
thereto, and diſtilling the whole in a retort ; 
upon which the m comes over, leaving 
only the gold and ſilver at the bottom: then 
they pour thereon, either agua regia, or aqua 
orti: ; the firſt diſſolving the gold, and leav- 
the filver entire ; and the farter diele 
the filver, and leaving the gold entire. A 
by ſuch means they are ſeparated from each 


This is by much the moſt artful way of get- 
wg NC of the ore ; tho? *tis but of mo- 
dern invention: had the Spaniard: been ac- 
quainted with it from their firſt ſettlement in 
_—— they might have faved immenſely 


* Wan 
This method is practiſed by the lard} 
is Pired br 4 he bal pa app 
rious, in vatious places, di roceſſes are 
to be employed. That uſed at Schemnite, c. 
” Hungary, is given us by Dr. Brown, as 


„They have divers. ways of taking the 
out of its ore; by burning the o 

y melting it, by adding filver ore, 
other minerals, ſand, and lead, as 
- the ore = rc . lead 

proceſs is thus : they break, 

the ore very fine, ih water ; and then 
it often, and lay it in 1 cloths, 
und by the gentle. oblique tent of the 
water over it, and their 25 


it, the earthy, clayey, and li 

« 27% walk'd avs . Karvier fr, pond Lo 
remaining in the cloths. Theſe cloths the 
* afterwards-waſh clean in ſeveral tubs ; and 
after ſome ſettling, pour off the water from 


* the ſediment, waſhing the ſediment over 
1 ; L —— — ——..— veſſels. 

ength, | e quickfilyer on it 
= knead it. well togerher for an hour; 
waſhing. it again in a wooden veſſel, 


The Theory. of CHEMISTRY 


* corner. From this amalgama they ſtrain 


* as much of the quickſilvet as they can ; 


« firſt thro* coarſe cloths, and then thro* 
„ finer : then put the remaining maſs on a 


1 perforated plate, which they fet over a deep 


ced in the earth; in the bottom 


pan 

«* whereof they alſo put quick-filver, This 
60 — cover, and lute the cover well ;: 
« then a charcoal fire on it, and drive 


the quick - ſilver, yet remaining in the 
5 8 8 
4 out * it into 
* fire, — render —. 

(/) The ancient phyſicians ſay little of 
any medi virtue in gold: the firſt who 
mentions it is Dioſcorides, and that but tran- 


fiently, and only when ſpeaking of 3 
where be fa tha 


t gold-filings are a good me- 


dicine for uch as ve taken too much mer- 


in cia, re, and pains of the 
heart, Cc. but 1 to 18 jon 
from experience.  alche- 
miſts, „ Kave carried the thi 


much farther: they will have this metal c 


tain a radical balm of life, capable of re · 
LEE SIE. 
112 n 4 fuk. 
phur, amore friendly to nature, like chat 
the „ 
on ſuch e 
chimerical projefts, which experiment has al- 
ME 
| let the Arabs and alchemiſts to ima- 
e ſuch wonderful virtue in gold, that: 


v'd certain qualities therein, which. 
— ke i po > * 


alchemiſts place their hopes in the ſul- 
of gold ; whereas we have a ſfrong pre- 


y. 
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De Thiory" of CukUrs TAL. 


animal, or vegetable, will ſupply Its place; 
and being added to the eels the meta], 
will 7 and pive it its priſtine form. 

1 retain ſome uſe in me- 
dicine, The aurum ile, in particular, 
is praiſed, though the attempts to make 
it ſo ſeldom ſucceed, that many have * 
nounc'd the preparation impracticable. Mr. 
Boyle, however, aſſures us, that he had a 
menſfiraum, which with a, gentle heat would 
ſoon brin gold enough over upon a firſt or 
ſecond diſtillation to afford a high, yellow, 
volatile tincture: But as he could eaſily reco- 
ver a malleable gold therefrom, he durſt not 
pretend to do any wonders with it. The 


Hume author obſerves; that” the folution of 


old applied _— may have very con- 
Flerab e effects; and thoſe of a different kind 
from what it has internally: of which he 
gives inſtances in the piles, and venereal diſ- 
orders | 

To proſecute the hi/ftory of gold, and the o- 


ther metals in its full extent, would be to 


write a volume; the ſubject is ſo fruitful, as 

well as curious and uſeful, ' In our additional 

notes we ſhall rather have a view to a theory 

of chemiſtry, as defined by the author; for 

which, however, the nature of our under- 

8 only allow us to give a few 
88. 


ADpDiTt1oONs to the Article Gora. 


Sold not only ſuſtains the four capital 
proofs, of cupellation, quartation, royal, and 
antimonial cementation ; but alſo trituration, 
and r without any decreaſe of 
t. set pad (285 
flew alias, ror combined with other metals, 
. ,. end bow ſeparated again therefrom. 
1. Gold, is immiſcible in fuſion with com- 
mon ſal. many * a 22 ſalts, 
mi r per /e, lead, and antimony. 
| 2. liebe wh various metals by fuſion, 
2 filver, Se. +1 
| 3: W or tin by 
. 


hence 4 very fine 

dig of curious uſe for Raining glaſs 
> fuſing it 
two thirds 


4. A like powder. produced b 
with « larg proportion of tin, wy 
5. Yields an almoſt irreducible ible powder upon 
EE Ties pon: Sante by 
+ "allow 
fufing it with thrice its quantity of ank. 
. .7+ Separated in aurum fulminant, by mix- 
one part thereof with half its quantity of 
powdered ſulphur, then putti mixture 
Tow r e e then th 
ur melts, 
in 25 
ing any more with borax, or any o- 
reduced is 


rage Jen, 4 now by fuſion eaſily 


- ® See Bye Abe. Vol. I. p. 63. 


the black flux, and by vitrification with vitrum 
Saturn, and nitre. 

12. Gold ſeparable from a {mall quantity 
of tin, 1 little mercury · ſublima te 


to the matter in fuſion. | 
13. From particles of an antimonial and 
arſenical kind, by boiling the matter in an 
alcaline lixivium, ſo as to give thoſe particles 
a degree of fixedneſs, and afterwards adding 
nitre, glaſs, and alcaline ſalts, whilſt the 
matter is in a gentle fuſion. | 
r Mere: or Solvents, &c. 
. Gold is diſſoly'd by the condens'd fumes 
ariſing ſrom a cautious gradual mixture of the 
oils of vitriol and tartar. Nun recom- 
— 0 this as the beſt, tho' loweſt Tolyent of 


2. Alſo diſſolvable in an agua regia of 2 

ticular kind ; tad in the provacit fining 
pirit of Libavius, _ | 

3. In a menſtruum, prepared of a pound 
of the phlegm of common "ps fortis, 5 
four ounces of ſea-ſalt ; the leaves of gol 
being boiled therein, and the phlegm be- 
ing afterwards drawn off, there will ſhoot 
men . ; 

4. Gale is likewiſe diſſolvable in a men- 
ſtruum diſtill'd from oil of vitriol and ſalt of 
tartar; and if the experiment be rightly made, 
this ſhews the error of the common opinion 
of the impoſſibility of diſſolving gold, except 
i epared with 


in regia, or a | pr 
5 Diſlolved by mercury and heat in amal 
8 And the more frequently this o. 
ion is repeated with freſh m „and 
he ? of age Fog 4 — of fuſion 
old becomes. gam, u 
E well ground for a conſiderable Go 
with pure water, or the phlogs Of rierlol 


+ Vid. ] 


ords a black powder, ſeparate from the gold, 
and a ſalt of a peculiar kind. 
6. By the compound ſulphurated ſalt, made 
of /al. mirab. an wood-coals. N 

. By deflagration ; one part wo being 
mixed with three of regulus of antimony, 
and equal parts of nitre, tartar, and ſulphur ; 
obſerving to keep a ſlow fire in the TE. nay 
to prevent the fuſion of the metal, before 
falphur burns. | 

b. Gold is ſoon intimately diſſolv'd by fu- 

it with liver of ſulphar ; ſo that if a ſo- 
lution of the remaining matter be made in 
water, no ſeparation of parts enſues; and 
by precipitation with vinegar, the gold falls, 
united with the ſulphur, to the bottom of the 
containing veflel. 

| Its various Preparations. 

1. Gold ground with pumice, and after- 
wards fuſed with equal parts of nitre, borax, 
_ 8 —_— a - 4 t red 

laſs; a ins © ubſiding. 
6 2 Ex ed in the — of a bara -glaſs, 
it crackles, and throws off to the diſs ce of 
ſeven or eight inches, all around, a number- 
teſs quantity of ſmall ſparkles ; which being 
received on paper, exhibit x powder of entire 
date» Id being — . 
ap to be cover d with a y er, 
nnd ſmokes as ſoon as remo from che fo- 
cus ; whilſt the remainder that does not go of 
im fumes, is chang'd into a kind of vitriol, 
of a violet colour; 'and leſs ponderous than 


gold'®. t 

. Gold, al tle ignition, is 
chang'd into 2 [T0 and ſo fur de- 
ſtroy d, as not to be reducible in the common 
way, to the ſame form again. But, previous 
to this operation, it ſhould be brought into 
a fine powder, either by amal tion, ſolu- 
tion in agua regia, and precipitation by ſpirit 
of wine, or ſome other lud. 

4. Gold united with other metals, as cop- 
per, or ſilver, by cementation, with a due 
quantity of nitre, 28 of bricks and vi- 
triol, and alſo verdigreaſe, or blood-ſtone ; 
not only becomes porous, and friable, - but 
higher-coloured ; ally if a large pro- 
portion of any other metal adhered thereto.” 
hl A powder procurable from gold by cal- 
g it with common falt, ' hart's-horn, or 
ice | 


7 Reducible to a calx, by being ſuſpended 
. a 
over burning e 4 


7. Into 4 er called aurum fulminant, 
by pouring oil of tartar per delig. to a ſolu- 
tion of this metal in ay. regia, containing fal- 
ammoniac; which cauſes a precipitation of 
the metal in the ſorm of a yellow powder. 


The Theory. of CHEMISTRY. 


(1) The gold is thus increaſed in weight, 
ſo as from a dram to weigh four ſcruples ; and 
no edulcoration will reduce it to its former 
9 preparation loſes its fulminating 

(2 is tion its inati 
effect, if too much oil of tartar be uſed 3 
which may be recovered by pouring ſpirit of 
urine, ſal- ammoniac, or ſpirit of wine to the 
calx, and then gently drying it. | 

3) A yellow tincture, obtainable by di- 
peg this powder with dulcified ſpirit of 

t which will ſtill retain its former explo- 
five _ after the — _ off. 

(4) This pro is oyed by melti 
it with flower & folphur ; which being — 
away, leaves behind it a e crocus. The 
ſame effe& produced by adding a few drops 
of oil of vitriol, or ſpit of ſulphur, whilſt it 
is 


committing -it to diſti 
volatile acid falt is procur d. 

(6) A brown is precipitated by the 
addition of a ſolution of mercury in aqua for- 
tis, to that of gold in aqua regia. 

(7) The ſame ſolution, after being diluted 
with a large quantity of diſtilled water, and 
then mixt with a — — proportion of 
mercury, is in time, by frequently ſhakin 
them „gradually more and — — 
up by the mercury, and à ſeparation of its 
parts enſues. But if mercury be thrown into 
a ſaturated ſolution of gold, they both ſubſide 
in the form of a powder, and are not eaſily 
ſeparated by aqua regia. n 
(8) This ſolution is commodiouſly — 
tated by co ; and in order to have this 
more pure, Caſſius adviſes to cryſtals of 
verdigreaſe, and Kunkel vitriol of copper, to 
a dilute ſolution of gold. Either way the 
gold falls to the bottom pure, in its native 

rm, and appears of 'a moſt beautiful, and 

igher colour than ivuſually is — fe." Whence 
method may be eſteem'd by artificers. ' 

(9) The ſame effect enſues upon addi 
iron to this ſolution; except that the 
is not ſo — | Plat! 

(10) The ſame ſolution — diluted by 
water, and into a tin veſſel, becomes 
8 which is — — of that beauti- 

ipitation diſcover d by Caſſius, For 
if ——_ of gold be preci — one 
of tin, after a i 

Id will be chang'd into a fine crocus for 

ining glaſs of a bright purple. 

(11) The addition of wine Th 
of tartar, or even wine itſelf to the ſame ſolution, 
—— — itate the gold, in the 
form of ſhining ſpangles of native Kunkel. 


lation, a certain 


(123 


* See Homberg, Ei. de Þ Acad, dis Scienc. 1700. 


NF. | 
;} By moiſtening it with oil of vitriol, and 


method, the 
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969% The"Thivry of CUT. 
Mercury, itt I. Mercury is (1) the heavieſt of all bodies, except gold, and is ſo much 
charafers, the heavier, as it is the purer (g). | 
'- (2)It is the moſt fimple body (+); being perhaps, when well purify'd, even 
of as ſimple a nature as pure gold (i). | 


«1 521 154 1 15 1 | (3) 
©, (12) The ſame, after having ſtood a while a crocus thence obtain'd ; like- 


_ wax ; and of reſtoring 
_ were it real, 


with oil of juniper, lets fall the gold in the 
form of ſhining leaves. 

(13) By only 8 off the menſtruum 
wherein the gold is diſſolved, a powder or 
ctocus will be left behind, which being gently 
ignited becomes of a purple colour. And 
upon repeating this operation thrice, always 

uring freſh agua regia to the calx, and at 
fac ucing-it to the conſiſtence of oil; then 
dro ing of tartar per delig. thereon, it 
will be eprived of its fulminating quality, ſo 
as to admit of having the liquor ſafely drawn 
off to dryneſs ; when, after edulcoration, a 

rple crocus may be thence procured, capa- 


dle of ſtaining glaſs in a beautiful manner. 


8. A black crocus; ſerving for the — 
— of gilding; is obtain'd by dipping clean 
linnen-cloths in a ſolution of gold, made with 
fix times its quantity of agua regia ; after- 
to . | 

2 28 

gold ; a potab 

— yt no other than. ſolutions 

10: There is alſo an extraQtion of gold, 
and an elegant triturati 


us to make them take any impreſſions, like 
12. Gold may be fubjeted to calcination, 
9 as. | 


wiſe in painting, and ſtaining of glaſs, 


z From the tables of ſpecific ity it 
A - s, that there is no body of ny. tu 
diate weight between gold and quickfilyer, 
And ſtill the purer mercury is, the heavier 
_ found — fone philoſophers hold, 

t mercury perſectiy pure, and d of 
all its ſulphur, would _—_ the wake even 
10 gold itſelf. The ordinary proportion, we 

ve obſerved, is that of 14 to 19: if any 
mercury be found to weigh more than accor- 
ding to this rate, it may be ſuſpected to have 
gold in-it, 


, (5) Accordingly we find it the ſame in all 
its parte, fo far as our obſervation, goes: if a 
ſingle grain thereof be diſſolved in ſpirit; of 
nitre, à proportionable part of the grain will 
be diſtributed into every minute icle of 
the ſpirit ; and by diluting the whole with 
a ſolution of ſea-ſalt, | the whole grain of 
mercury will be recover'd. 73M 
Had we the mercury of the philoſophers 
ſo much talk'd of, called alſo viral mercury, 
mercury of metals, &c. tis aſſerted py; oat 
find it ſtill yaſtly fimpler even than gold: for, 
from gold, we can ſometimes ſeparate mer- 
cury, and ſometimes N but from 


mercury, nothing itſelf can be 
rated 


This great ſimplicity of wry, has ma 
T 
elements of bodies; and even M. 
erg, who conſiders an 2 
ciple, in a ſtricter ſenſe than many of the 
reſt, wiz. as a body which cannot by any a- 
nalyſis be reduced into fimpler part, treats 
mercury as an element; not that he thinks it 
uncompounded, but becauſe the method of a- 
nalyſing it has not been yet diſcovered. What 
puts its compoſition almoſt paſt queſtion, is, 
that it may be pw >: ths viz. by converting 
it into a perfect metal, and then expoſing it 
to a lar baraiag ghd: whereas an element 
or perfect ſimple „ bis univerſally al- 
low , be abſol uncorruptible, un- 
cable, Ce. | 
The ſame author endeavours to ſhew, that 
the perfect metals are only this mercury, 
having its particles, or piere's on 
I 


annere _—_— mn 1 ien 
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(3) It is totally volatile in the fire, bein 
| fume, by a degree of heat not much ſtronger t 
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found to fly off in form of Vola. 
Ji that of boiling water (c“). 


(4) It is no way ductile under the hammer (D, but diviſible with ſmall Net mallea- 
force, into very minute parts, and the more ſo, as it is the og (n) ; nor is 


1 4 it capable by any known degree of cold, of coaleſcinginto a 
it not hence be ſuſpected for a kind of fluid gold (z) ? | WM: 
| 2. (5) It unites the moſt readily with gold of all metals, next with lead, 


t with ſilver, and next with tin; more difficultly with copper, and fearce 
— | he Set hence argue that it readily unites with the 


tall with iron (0). May 


all fides, and filled with the matter of fire, or 
light. 
„ * therefore, may be conſidered in 
= three different ſtates : the firſt, in its form of 
= a running mercury; the ſecond, when re- 
== duced into a metal; the third, after the de- 
=== frufion of the metal. In the firſt ſtate it 
conſiſts of little ſolid ſmooth globules. In the 
= ſecond, of thoſe ſame globules perforated on 
all fides, by the rays of light lodged therein, 
In thethird,' of the ſame ang] orien, 
all fides, but the perforations left vacant, and 
by the g of ſo much light thro' them, 
during the deſtruction, ſo enlarged, as to run 
into one another, and muy leave the mer- 
= cury little elſe but mere earth *. 
0 Gold is ſaid above to be the. ſimpleſt of 
all bodies. 
f (4) In effect, it does net ſuſta in the fire lon 
enough either to boil, or ignite : tho' it m 
be added, that if the fire be at firſt very gen- 
tle, and increaſed by eaſy degrees, it may be 
retained therein a conſiderable time; and be 
fix'd, ſo as at length to ignite in the cruci- 
ble: as we learn from ſome very tedious ex- 
2323 made at Paris. The gilders are 
ut too 72 ee _ theſe fumes of 
mercury, which frequently render themepi 
tic, or paralytic; and they ſometimes abe 
being of ſo penetrating a nature, as to take 
away ſcirrhous tumours ; tho' very apt to 
reach, and deſtroy the nobler parts. 
If ductility therefore be made eſſential 
to a metal, mercury no metal; but 
we ſhould always remember, that defini- 
tions are arbitrary, where natures are un- 
known. 
li ſeparate, and recede from each 
other by the ſmalleſt force ;z conſequently, of 
all bodies, it is that whoſe parts cohere- the 
leaſt, or are the leaſt tenacious; and there- 
fore, of all others, the leaſt ductile and mal - 
leable. The parts of water do not divide ſo 
readily as thoſe of quickſilvex ; and the parts 
of oil much leſs : there is a certain tenacity, 
even in the parts of ſpirit of wine, which re- 


* See. Homberg, on the {rinciples. 


olid maſs. May 


mercury 

ſiſts a ſeparation ; but there is ſcarce any ca- 
heſion at all, in the parts of mercury. If 
ou take, for inſtance, a ſingle grain thereof, 

ay it on a e e jn ry weather, ,and 
in a place not duſty, and apply a lens thereto, 
which only toushes it in one point; the grain 
of mercury will fly into a thouſand globules ; 
each of Which, upon the leaſt touch of the 
lens, will again fly into a thouſand leſſer glo- 
bules, and 7 on, comprehenſion. ' And 
yet all theſe globules, tho” infinitely reduced, 
remain unchang'd e weight, opa- 
city, and ſeparability. e particles of mer- 


cury view'd with a . — | 
0 7 


ſectly ſmooth and polite, 
ſo that looking on , you ſee all the cir- 
cumjacent bodies, as in a mirror. 

r. Boyle propoſes the applying a micro - 
ſcope to the minute particles of mercury; by 
means whereof, a globule, inviſible to the 
beſt eye, will afford an agreea 
proſpect of all the neighbouring objects . 

e third 2 of mercury, which in · 
deed depends on the ſecond, is, that of all 
bodies it is diviſible into the minuteſt parts, 
Thus, being expoſed to the fire, it reſolves 
into a fume ſcarce. iveable to the eye 
but in whatever manner it be divided, it ti 
retains .its nature, and is the ſame ſpecific 
fluid: for the vapours of diſtill'd, or volati- 
liz d mercury, receiv'd in water, moiſt lea - 
ther, or the like, become pure mercury. And 
if mercury be mix d with other bodies, in or- 
der to fix it, (for it is ſcarce fixable of itſelf) 
it is eaſily ſeparable from them again, by 
ror! and reducible into as pure mercury, as 

ore, 7 
i.) We have been aſſured, that the author 

Auid gold, and ſolid JOE in his 
poſſeſſion. The fact may deſerve to be en- 
quired into. 5 E 

(-) The adepts talk of making an amal- 

m with mercury and iron; but the 
riment would never ſucceed with us. *Tis 
poſſible there may be ſome way of binding 
thoſe two bodies together ry and, no doubt an 


+ See Bolt Abr, Vol. I. ps. 
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82 Te Theory of Canis. 
mercury which makes the baſis of metals, by ſome affinity of nature there. 
with; and this the readier where there is a greater quantity of mercury, and 
| leſs of a fore! arg in the 2 4 * ; 
urin. (6) It diſſolves in agua fortis an ua regia (p). ence a the 
ot to diffculty of converting ry into nr fine 10 order — — 
turn to. gold. give it new weight, fixity and ductility; and yet of all bodies, its nature 
comes neareſt to that of gold. 3 b 
Where fend. 4. At this time the greater quantity comes from Friuli; where it is found; 
I what (I) In a hard ſtony ore of the colour of crocus metallorum. (2) In a foft earth, 
Herm. which contains it pure and running. (3) In roundiſh ſtones, (4) And in 
ſome places, in cinnabar (2). 6 
1 * 5 


amalgam might be made, by adding a lar Some add, as a further property of mer. 
19h of 8000 to the iron : but hs if t cury, that of all fluids it is the eoldeſt and 
compound were beat to powder, the iron the hotteſt, ſuppoſing the cireumſtances alike. 
I waſh away in water, and the gold re- This property mo, 1 on the great weight of 
main. On this account it is, that ſuch as mercury: for the heat and cold of all bodies, 
have occaſion to work with quickſilver, al- is, ceteris paribus,. as their weights : now, 
ways make choice of iron inſtruments for that mercury being fourteen times heavier than 
purpoſe. 6 __- water, if both of them be expoſed in a win 

Mercury, in adhering to geld, we obſerve, ter's night to the ſame cold, the mercury 
renders it humid : thus we have known wo- muſt be ſo much eolder than water, as it 1 
men in a ſalivation have their ear · rings grow heavier. So, alſo, if they be both applied 
white, and ſoft with the mercury. And to the ſame degree of heat; while the water 
hence the Fuer to lay gold on any other is barely warm, the mercury will be hot e- 
body, diſſolve it in hot m 3 which. nough. to burn the hands. Thus, in ſpirit of 
done, they apply the ſolution on the body to wine, we perceive a flight degree of cold; 
be gilt, ſuppoſe ſilver: then ſetting it over more in water; and moſt in mercury. 

-coals,. the mercury flies away, and leaves Notwithſtanding mercury receives ſuch 2 

the gold ag wages Bag a cruſt, to the ſilver. degree of cold, its great ſeparability and flui- 

It may be added, that mercury is a fluid dity prevents its congealing. Mr. Boyle tried 
which adheres to no body, but metalline ones; various ways to bring it to freez> by making 
unleſs driven thereto by force of attrition,. as an extreme cold, and expoſing an exceedingly 
in cthieps mineral, where by a long inceflant thin ſkin of mercury thereto ;. but without 
rubbing, mercury and ſulphur are made to effect ®. 

mix. Kod bones mercury is called, the wa- Others add, as a property of mercury, that 


ter that wets not the hands.“ it is free of all ſharpneſs or acrimony. It 

lt diſſolves in almoſt all acids, and u- ſhews no acrimony to the taſte or touch; but 

; 375 nites itſelf. with them; at leaſt, with all mi- the extraordinary effects it produces in the 
, neral aeids.. Thus we find it diſſolve in oil body have given riſe to a notion of its being 

- of vitriol, ſpirit of nitre, and agua regia. It acid ; but the caſe is otherwiſe : when receiv 


is united with oil of vitriol into tzrb3th mine- into the blood, it only acts by the weiglt 
ral, with 22 or ſpirit of ſea · ſalt, into and velocity of its minute particles; by which 
corroſive ſublimate. Vet vi does not momentum it tears and deſtroys the veſſel, 
diſſolve it 3 and hence we are furniſhed with and thus occaſions thoſe great alterations falſely 
a method of detecting the frauds of druggiſts, attributed to-acrimony. In effect, all its me- 
Ec. who make Mp of ſophiſticating dicinal operations are to be accounted for from 
quickſilyer with lead. For grind the mercury the properties already enumerated. = 
in a mortar with vinegar 3 and if the vinegar Ferm wherein Mercury is ound. 
grows ſweetiſn, tis a proof the mercury is (9). The greateſt part of our quickſilver W . 
mixed with lead; if it have been adulterated brought from Friuli, where there are abuu- 
with copper, the vinegar will turn greeniſh, dance of mines, belonging to the emperor : it 
or bluiſh; but if unadulterate, the mercury is there found under three ſeveral forms. 1. 1 
and vinegar will both remain without alte - ruddy glebes, or red mineral ſtones called cin. 
ration. n : nabar, 2. In hard louy glebes, or ſubſtance 
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„ See Boyle Abr. Vol. I. p. 997 


The Theory of CanMisTRy. 


5. The method of ſeparating 


| by ſifting and waſhing . it with water. 
W without fire, is called virgin mercury (r). 


ora faffron, and ſometimes a blackiſh colour. 
W- \; . It is alſo found pure; for, upon opening 


DS VV , 


4 oles in the beds of flones, &c. there ſome- 
= times guſhes out a ſtream of 
—_= cal'd virgin mercury. This ſort is the 
; RX molt valued. Paracelſus and Bafil Valentine 
prefer it to any other ſort for ical ope- 
—_ rations. ' 
Mercury is either found in its own proper 
WW mines, or in thoſe of other metals, where- 
WE with it is intermixed : beſides the mines of 
ili, there are conſiderable ones in Hungary 
Wand Spain. The earth or matter it is found 
in, is different in different places: In the Spa- 
mines tis ruddy, ſtreak'd with black, 
and ſo hard that there is no digging it with- 
out gun powder. That of the Hungarian 
| mines is ſometimes a pretty hard ſtone, but 
WE more uſually a dark-coloured earth, inclining 
to red: In the mines of Friuli there is a; 
ſoftiſh earth, wherein virgin mercury is found 
in little drops; and a hard ſtone that yields 
the common mercury. 

Mineraliſts — 2 diſtinguiſh another ſort 
of virgin mercury; for the denomination is 
common to all mercury procured without fire. 
This latter is what is ſeparated from the earth 
by waſhing with water, and paſſing thro' ſe- 
_ ſieves. 

anner of ſeparating Mercury from the Ore. 

(r) Firſt, — the 2. glebe into 
powder ; which done, they pour a great quan · 
tity of water _ it, ſtirring, worki 
the whole briſkly about, till the water be- 
comes exceeding thick and turbid : this water 


re me » 
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What is found native in the mines 


all remaining at the bottom of the veſſel is 
mercury, and other metalline matter. To 
this maſs they add the filings of iron; then, 
tting the whole in large iron. retorts, diſtil 
it ; by which means all the heterogeneous me- 
tallic and ſtony part is ſeparated therefrom, 
and the mercury brought over pure. | 
The moſt expeditious and advantageous 
manner of ſeparating quickſilver from its ore, 
when rich, is this. They firſt beat the mi- 
neral to powder, then put it into earthen veſ- 
ſels, like long-necks; or bird-bottles, the 
narrow mouths whereof they ſtop with moſs; 
then inverting their necks into the mouths of 
ſimilar earthen veſſels, that lie buried upright 
under ground, they lute them, and make a 
fire round the upper veſſels, which cauſes the 
mercury to Alf per deſeenſum into the re- 
ceivers that lie cool below. But when the 


ore abounds with ſulphur, it requires the ad- 


dition of lime, pot-aſh, or iron-filings, to 
make the mercury ſeparate, and diſtil o 
The virgin mercury ordinarily needs no- 
thing to purify it, but a waſhing in common 
water : though, ſometimes, it is ſo full of an 
arſenical matter, that they are oblig d to ſtrain 
it thro' a ſkin; and ſometimes t is an 
earth united with it ſo ſtrongly, that are 
—_—— to 82 recourſe to * , 
to the mercury in cinnabar, | 
don't find it worth Chile to didi, and oo; 
out; ſuch cinnabar ſelling for a better price 
than mercury itſelf, | 
The miſerable le condemn'd, or hired. 
to work in theſe mines, all die in a little 


at having ſtood to ſettle, they pour it off, and time: they are firſt affected with tremors, and 
it RE pour on freſh, which they ſtir and work as proceed to falivate; then their teeth drop 
ut before. This they repeat, till the water, at out, pains ſeize them all over, eſpecially in 
he WRT lengch, comes away perfectly clear. Then, their bones, which the mercury penetrates. . 
0 4a | . | | : 
. l * Abpirioxs to the Article MAcu ur. 

c> —_ Hints for its medical 222 for fear of any antimonial or arſenical par- 
1; —_ 1. It readily unites with biſmuth, as well ticles adhering to it. It is allowed to be 


a lead, and is thus often adulterated. When 
e- mercury is uſed in medicine it ought to be 
m fare. The ſtraining it through leather is not 
—_ ſufficient ; for thus it may carry lead and biſ- 
worth along with it. One of the beſt ways of 
is purifying it ſeems to be by grinding it in a 
n- laß mortar, with vinegar and à little alt ; 
it 3 which diſſolves and frees it from metallic im- 
WF puritics : tho' it ſhould rather be diſtilbd 

from quick-lime, fix'd alkali, or iron-filings, 


pure, when a little of it held over the fire in 


an jron ladle, totally eva 7 
2. Quickſilver was ME ty rage among 
poiſons. Dioſcorides reckons it pernicious, 
Galen highly corrofive. It is not mention'd 
by Hippocrates. Meſue recommends it only in 
cutaneous diſeaſes a OE 22 2 
might be ſafely ow'd, paſſed 

the body unchang d. Facobus C „an 


== 
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it from the ore, is either by diſtillation, or Separation 
from its ore. 


9 


raders, 


. Weight. 
Simplicity. 
Polatility. 
Softneſs. 
Faftbility. 


I olaſe very 
— 


Lead, its cha- 


De Theory of Cutars tay. 


Of LE A D. 


1. Lead is (1) the heavieſt body after mercury (). 
(2) It proves extremely ſimple in all kinds of trials. | | 
(3) It is not fix'd, but fumes in the fire; and after continuing long in fuſion, 
penetrates moſt of the veſſels hitherto uſed. Y 
(4) It is the ſofteſt of all metals, eaſily ductile, and the leaſt elaſtic, or ſono- 


rous (g). 


(5) Tt melts the ſooneſt of all the metals, except tin; even long before it 3 


ignites, and thus grows ſcurfy, readily vitrifies, and being now fus'd, it 


paſſes through any veſſel (u). 


(6) It throws up light bodies that are caſt into it; vitrifies with the baſer 


metals, and having ſo done, carries them along with it from the cavity of the 
teſt ; thus leaving only gold and filver behind, ſeparated from the reſt. After 


Laß; ſekms to have been the firſt who uſed 
it in venereal diſeaſes, The medicinal virtues 
of it, and Ke, various preparations, are now- 


bs own. 
nts for its alchemical Hiſtory. 


The analyſis of quickſilver is extremely dif- 
ficult, on account of its great volatility z yet 


by degrees it may be brought to fuſtain a con- 
ſiderable heat, without lofing, nay even en- 
creaſing in weight; as in making the preci- 
mg per „ which being gently heated in- 
ive charcoal-duſt, like the 12 of a metal, 
returns to quiekſilver. This precipitate ex - 
poſed to the focus of a burning lens, upon a 
— * into a matter like glaſs, 
afterwards -evaporates, leaving a Nitels 
— 4 4 OED 8 —.— 9 
eing further urged. But i rted by- 
. 5 it firſt turns to ** — 
coal, and turns to-quickfilver agam; whence 
it ſhould ſeem to confiſt of a volatile, vitri- 
fable earth, and & ſulphur ; and if ſo, this 
might give it a claim-to a metallic nature. 
See M. „Mr. Boyle, and Dr. Stabi 
upon the ſubj 8 


0 Hence melted lead conſſitutes a fluid of 
the third order of gravity; wherein all bodies, 
whether metalline, or not, excepting gold and 
mercury, might float, if there were no other 
cauſe to the contrary. 

Mall the impurities of lend could be per- 
ſectly purged away, its weight might nearly 
approach to that of mercury. Accordingly, 
in anzlyzing this metal, it is ſaid to yield a 
confiderablequantity of mercury; tho what 
the other ingredient is, united with the mer- 
<urial part, ſeems hard to ſay. Lead, tho' 
4 cheap and common metal, has yet a great 
adicy with gold; at leaft in point of weight, 


glaſs, runs on the, 


fuſion, 


which ſeems to be the moſt diſtinguiſhing, and 
immutable character of gold: and what makes 
the reſemblance ſtill cloſer, is, that lead does 
not mix with any metals except thoſe allowed 
to be mercurial ones. p 

(:) There is no metal whoſe figure is ſo eafily 
changed as that of lead: and hence it proves 
very ductile, and eaſily flexible; tho* not ca- 
pable of being drawn out into ſuch ſimple, fine 
coherent parts as gold. 

It 9 the ſound of other: metals, 
when mixed therewith. This property fol- 
lows from its ſoftneſs : for if two equal leaden 
balls be ſtruck with equal velocities againſt 
each other, they will both remain fix'd in the 
point of contact, without any vibration, or 
reſilition; ſo that of courſe no ſound can be 
produced. *Tis on account of this unelaſticity 
of lead, that it has been uſed by Dr. Valli, 
M. ens, and others, for determining the- 
laws reuſſion. By this pro alſo, 
lead . to be nearly allied to gold, 
which is the next leaſt ſonorous, or ſpring) 
of all metals. Accordingly, ſeveral Exper- 
ments have been produced, to prove that lead 
melted, always either contains, or generates 
ſome portion of gold. M. Homberg aſſures us, 
that taking a quantity of ſilver, and ſeparating 
it from af heterogeneous matter by \ teſting 
with lead, then putting a piece of it in 
fartis ;-2 little gold fell to the bottom. 
upon adding copper to the agua fortir, the ſi 
ver was precipitated. 

(% A quantity of lead being ſet over tht 
fire in an iron ladle, no —4 to run 


than its ſurface a exceedingly bright, 
and ſhines like <: tun but — face foo 
alters, and you difcerna cloud therein, w 

gradually increaſes, till the whole ſurface ap 
pears darken'd with a duſty Scoria; _ 


The Theoryof CHEMIS TRY. 


fifion, it quickly returns in the cold to a ſolid maſs, tho? more flowly than 
tin (ﬆ). rod Uo | . 

(7) It diſſolves in aqua fortis, not in aqua regia, and thus yields a ſweet Di/o/utior. 
and Found in 


falt (5). 
2. It i 


is found plentifully in various mines of Europe; being cheap, 
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the conſumption of it large: but*tis in its nature very ſurprizing, and for cer- plenty. 


tain purpoſes exceedingly uſeful. 


In the fabulous way, 1t is called the origin 


and father, as well as the devourer of other metals. 2 
Its ore is uſually ponderous and ſnining; of a lead colour ; which yields 4: we. 


half the quantity of metal. Sometimes it is white, red or yellow, which are 
poorer kinds; it often contains a little ſilver, by which the aſſayers, if not 


on their guard, are apt to be deceived (2). of 


being blown away with bellows, there ſtrait 
ariſes a new ſupply ; and ſo on, till the whole 
lead is thus converted into Scorie, which are 
only the matter of the lead gently calcined. 
A more violent fire vitrifies them, that is, 
converts them into a heavy, brittle, pellucid, 
elaſtic, ſonorous matter, called glaſs ; into 
which other metals are indeed convertible, 
but lead the eaſieſt ; and which is of ſuch a 
_ penetrating nature, that it runs thro! all the 
— crucibles, almoſt as water thro* a 
e. 

The calx of lead has * of the appear- 
ance of lead; and yet, by only expoſing it to 
a ſtrong fire, and adding a little iron Dings, 
or any unctuous inflammable'matter, the lead 
is eaſily recovered. 

And if while the lead is in fuſion, it be 


kept continually ſtirring with à ſpatula, it 


turns into a red powder called Minium, or 


red head ; in which operation this is far- 
ther obſervable, that lead augments in 
weigh 


on the cupel, except gold and filver ; which 
Is a property, that had we been unacquainted 
with, all our treaſures of gold and filver had. 


t. 
(x) It diſſipates all metals teſted with it, 


lain in little compaſs :\ this being of principal 
uſe in the obtaining thoſe metals. 


The foundation of the proceſs is this: any 
maſs, of what kind ſoever, whether metal or 


ſtone, ſalt or ſulphur; gold and filver only 


excepted ; being mixed with lead and expoſed 


to the fire, ſeparates and flies off, 


Upon the whole, there are three ways, 


whereby all the matters mixed with gold and 


filver are deſtroyed, and loſt, when cupel'd 
with lead: r. By volatilizing, and evapora- 
ting. 2. By turning to Sceriæ, and retiring to 


the fides of the teſt, 3. By penetrating the 


ores of the cupel; which only happens to 
uch bodies as can neither fly off in fumes, nor 


work to the ſides in the way of Scorie. 


It diſſolves in moſt of the weak acids; 
but very diff cultly in the ſtronger, unleſs they 
fortis it 


diſſolves ſlowly; but very readily in vinegar, 
far- - ſmall aqua fortis,, Rheniſh wine, ſpirit of vine- 


be diluted with water. Thus, in 


r, Sc. and even in oil of vitriol, well di- 
uted with water. Add, that in whatever 


acid it is diſſolved, the ſolution becomes con- 


ſiderably ſweet, like ſu The fumes of 


wine or vinegar diſſolve it into a White pow- 


der, or calx, called Ceruſi, or white lead. ty 


SUPPLEMENT to thi Article Leap. 


| De name. 

(z) The Greek authors frequently uſe the 
ſame name to expreſs both lead tin; and 
accordingly, their Latin tranſlators interpret 
nage iſtęùs both by plumbum and annum. 
Geo. Agricola mentions three kinds of p/umbum, 
one white, which we call tin, another of an 


aſh colour, Which we call 3:/muth, and the 


third hvid, 1 is our lead. 
Fo forms of its ore. * 
Lead is ſeldom found — in the mines, and 
has different coloured ores, wiz. black, yel- 


ow, and aſh coloured; it is alſo found. in 


red, or white rocky ſtone, and ſometimes in 


the form of dice; with ſhining lead-colour'd 
ſurfaces; and ſometimes mix'd with white, 


yellow, or green flaors. 'There' are many 
lead - mines in Spain, Ital, and Germany; but 


* 


the richeſt are thoſe of England. 
_ — 3 —.— 
ore is of a poiſonous quality eſpecially 
with regard to N „They who live near 


<< -where it is waſhed,” ſays Mr. Beaumont, 


can neither x 
of fowl ; but they all die m à ſhort time.“ 


He adds that not only calves, but even chil- 


nor cat, nor any ſort 


lead ore to 
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Aren have been known to be killed, by 


"+ only being in houſes where lead-ore had 


been kept ſome time: and that if any ſort - 


« of cattle feed often on the graſs on which 
< the ſteam which riſes from the ſmelting of 
© lead falls, they all die ſoon after “.“ 
| Differences of its ore. | 
There is a very conſiderable difference be- 
tween the ores of different mines: ſome is ſo 
like ſteel, that the workmen call it fee/-ore ; 


which being of more difficult fuſion than or- 


dinary, they mix other ore with it. There is 

another, which from its aptneſs to vitrify, and 

it> uſe in glazing the potters veſſels, is called 
HET S-OrE. | 

Our Eagliſb lead-ores are reducible to three 
claſſes: the firſt, thoſe which in the ordinary 
ways of melting afford from thirty to forty 
pound of metal, for every hundred weight of 
ore. The ſecond, from forty-five to ſixty. 
The third, from ſixty to eighty. 

Contains ſilver. 

The lead found in ſome parts of England, 
contains from five to ten pounds of ſilver in a 
tun weight; which they get out by teſting, 
and recover the lead without any great waſte. 

The lead of many mines — 5 ſxilfully 
treated, affords ſilver; but the quantity of 
ſilver in the ores, does not hold in proportion to 
the quantity of lead. Mr. Boyle cauſed ſome 
tried, which being the moſt pro- 
miſing he had ever known, gave him ho 


of ſome conſiderable quantity of ſilver : but fufi 


tho! it proved fo rich in lead, as to afford after 
the rate of ſeventy pounds to the hundred ; 
yet one of the molt expert artiſts in E 

could not extract one grain of ſilver from it. 
Yet a piece of lead- ore was brought from He- 
land. which ſeem' d fo light in the lamp, that 
he thought it ſcarce deſerved to be wrought 
for lead ; which, however, was found upon 
trial, ſo well ſtored with particles of ſilver, 
that he encouraged the owner of the mine to 


work it. 
How ſmelted. 

Some lead-ore requires no previous prepa- 
ration to its being ſmelted, unleſs by grind- 
ing. They barely throw it upon a wood-fire, 
or a forge hearth, where the metal running 
into a baſon in the hearth, they ladle it out, 
and caſt it into. an iron mould, which gives it 
the form of what we call pigs. 

In the lead-works at 2 in Somerſet- 
Hire, the method of ing the metal is 
thus delivered by Mr. Glanvil. © When they 
have got the ore, they beat it ſmall, then 


«« waſh it clean in a running ſtream; and 


then ſift it in iron rudders : 
- * Phil. Calls. Ne, 1. 


they make 


to retar 


phur, or inflammable f 
therewith ? 


+ Phil. Tranſ. Ne. 39. 


« {hearth, or furnace of clay, or fire-ſtone, 
and therein build their fire, which they light 
* with charcoal, and keep up with young 
* caken gads, blown with bellows. After 
* the fire is lighted, and the fire-place hot, 
e they throw the lead-ore on the wood, which 


«©. melts down into the furnace; and then with 


* an iron ladle they take it out, and eaſt it in 
* ſand, into any form they pleaſe +.” 
Its metticinal virtues. 

Both in its crade fate, and in all its prepa- 
rations, lead ſeems to be cooling, thicken ing, 
repelling, abſorbing, and contracting; fo as 

F the circulation of the blood, hinder 
all the ſecretions, ' and hurt the nerves ; by 
cauſing ſpaſms, convulſions, tremblings, dit- 
ficulty of breathing, and ſuffocation : whence 
it appears unfit for internal uſe in any large 
doſe ;_ and, accordingly, its medicinal uſcs 
are chiefly external, 

; Its other we. 

Its uſes in the hands of the plumber, gla- 
zier, ſhot-maker, white and red.lead maker, 
potter, aſſayer, jeweller, painter, &c. need 
not be mention'd, as being commonly known. 
A mixture of it with tin is the foundation of 
enamelling ; and counterfeit gems are made 


by its means. 


Hints for its alchemical hiſtory. 
Let the Saturnus cornuus be examined for 
mercurification. | 
What veſſel will hold the glaſs of lead in 
on ? | 


2 talky nature of litharge be ex- 


amined. | 
As lead fulminates with nitre, and flaſhes in 
the flame of a candle,' and burns blue, it may 
ſeem to contain a ſulphur. 
Is not the ſulphureous principle in lead 
ſmall in quantity, and but looſely join'd ; fince 


a ſmall degree of fire is able to ſeparate them? 


d upon a tile to the focus of a burn- 
ing-glaſs, it fumes, and turns to a yellow or 
— calx ; then melts into a yellow fluid, 
which ſoon evaporates in ſmoke ; but if re- 
moved before this happens, it hardens to a 
yellow maſs like orpiment, conſiſting of La- 
min like talc. This being again expoſed to 
the focus, on a piece of charcoal, recovers the 
form of lead. But if the lead be laid upon 
charcoal, it thus totally diſſipates in fume, and 
leaves no glaſs behind. Hence what relation 
has it to mercury, gold, &c. ? | 

Is it not compoſed” of a ſoft, talky, vitri- 
fiable earth, and a ſmall proportion of a ful- 


ace lightly join'd 
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Of STLVE R: Silver, it 

| | : K characters. 
1. Silver is (1) the next in weight to lead (a). | | Weight, 

(2) Very fimple, nor diſcovers the leaſt diverſity of parts, by any ordi- Simplicity. 


HUN | 
(3) Fix'd in the fire, ſo as, when pure, ſcarce to loſe any thing thereby. Fig. 
— been kept two months in a ſtate of fuſion, in the eye of a glaſs-fur- 


nace, ſcarce &; part of its weight was found wanting. And it may even be 

doubted whether it had then been totally purified firſt (5). 

| (4) It is malleable and ductile into very fine wire (c). Malleability. 
: (5) It ignites and fuſes at the ſame time (4). Fufion. 

. (6) DifÞlves in aqua fortis (e). Diſſolution, 


(7) 
ſtretch out filver to an, incredible Gepe 
thus, for inſtance they will draw out a fin 

rain into a thread of nine yards long ; which- 


'a) Being to that of gold; as 10 to 193 and 
32 of — as 10 to 1. It falls ſhort, 
therefore, of . and conſequently is 


4 but little diſpoſed to me gold ; unleſs we read is ſtill capable of being beat into a leaf 

, had a method to make it much denſer,, and two inches broad, and ſtill cohere. | 

: more compact. And hence it is that the al- ( It r melts in che fire; much 

, chemiſts hold it more eaſy to make gold more eafily than either copper or iron; tho? 

f of mercury, chan of ſilver; and laugh at moredifficultly than either gold or lead ; and 
e novices for attempting to convert filver into runs as it begins to ignite. 

gold. | (e) It is diſſolvable in agua fortis 3- and not 

2 (6) It is fo fix'd, as in this reſpect to ex- * regia. | | 
r ceed all the known bodies, except gold. ua 2 we have already deſcribed, with 
all the ſpecies thereof; and have ſhewn that 


fſea-ſalt is the baſis of them all. Aqua fortis,. 
on the other hand,. is always made of nitre ; 
nor is ſilver diſſolvable in any ſaline menſtru- 
um, except what has nitre in it: not in ſea- 


| 1 This ap rs from an experiment of the 
n as Prince irandula, who placing a quantity 

4 of filver in the eye of a glaſs-furnace, kept it 
in continual. fuſion for the ſpace of two months; 
then taking it out, found it to have loſt only 


18 


n 2 part of its weight. Mr. Boyle aſſures us falt, nor ſpirit of ſea-ſalt, nor agua regia, nor 
„from experiments of his own, that filver ſet oil of vitriol, nor ſal- gem, nor fal- ammoniac, 
in the eye of a glaſs- furnace, ſcarce loſes any nor ſpirit of ſulphur per campanam, nor ſpirit 
d thing of its weight. But 'tis highly probable,, of alum, nor vinegar, nor any other acid, or 
ce that the ſilver uſed in theſe experiments was alcaline ſalt or juice. In effect, ſea-ſalt, ſal - 
ö not pure ; nor perfectly purged of tin; for gem, and ſal-ammoniac' are the only diſſol- 
n- Mr. Boyle taking out his ſilver at a fortnight's vents of gold; and nitre the only diflolyent of: 
Yr end, found it to have loſt ſomething; but after filver. | | 
d, that, tho” expoſed a long time to a very vio- If ſea-ſalt, or fal-ammoniac be added to 
e- lent fire, he could not perceive it to have loſt ſpirit of nitre, it will no longer diſſolve filver,. 
a any thing at all; the tin, which is exceed- but gold: and hence, if you would whe- 
1 ingly difticult to ſeparate from filver, having ther aqua furtit be pure, put to it a ſmall quan- 
to been all carried off by the firſt fire. tity of pure filyer ; and if now the ſolution 
e Mr. Boyle likewiſe obſerves, that tho' filver remains without turning milky, or the filver's. 
n be one of the moſt fix d of all bodies, it may being precipitated, you may be aſſured the 
id be poſlible, by a mere change of texture, to agua fortis is pure; for if it had the ſmalleſt 
on render it volatile. To confirm this, he in- grain of ſea-ſalt, or fal- gem, the liquor would 
þ ſtances a calx of filyer made by à ſolution of me milky, and the filver fall to the bot- 
i- the metal in a peculiar menſtruum, which, to tom. Here ſeems therefore to be a ſort of na- 
0 his great ſurprize, upon expoſing. it even to a tural repugnance, which is found of the ut- 
| 


gent _—_ 8 flew away in form of a 
arina wolatilis,. W ing the neighbouri 
77 — chimney, ew. WESC 
Vet it is the moſt ductile and malleable 
of all bodies after gold, Our wire-drawers 


See Boyl. Abr. Vol. I. p. 378: 


moſt uſe; in regard that without it, we ſnould 
want a method of ſeparating gold from filver : 
tis true, they may be ſeparated by —_— 1 
but then the ſilver all flies away, and is loſt 3 
and as for lead, it only ſeparates every _— 


88 The Theory of Cuxulsrar. 
Purification, () It is purify*d with lead, and ſuſtains the ſame (J). 


Where found, (S) Turns to Scoria with antimony, and becomes volatile (g). 
2. It is found in many places, and in different kinds of ores ; having almoſt 


univerſally a little quantity of gold in it (C). 


| 3. 
eelſe ſrom gold and ſilver, leaving them toge- ( Moſt countries in all the quarters of 
ther as it found them: but diſſolve a maſs of the world afford ſilver- mines; but Peru and 
old and filver in ſpirit of nitre, and what Chili, above all others: the mines of Pozof, 
Is to the bottom is gold, and what is re- in particular, are ſaid to be inexhauſtible; | 
/ tained is filver ; or diflolve it in agua regia, being dug now with almoſt as much ſucceſs aa ³³ 
and what falls to the bottom is ſilver. when at firſt diſcovered ; abating this, that 
M. Homberg had the fortune to diſcover, by the vein then lay, as it were, on the ſurface 
| a happy miſtake, that aqua regia, under ſome of the ground, but is now. got to a great 
Circumſtances, will diffolve ilver, and not depth, being deſcended to by 500 Reps. 
gold. The phlegm which ariſes firſt in diſtil- Silver is | Inn ever found pure, and free of 
ig agua. regia, he obſerves, is a true agua all heterogeneous admixture: we meet with 
regia, and yet this, if taken when newly made, it in almoit all ſorts of minerals; ſometimes 
and after it has been ſome time in digeftian in the ore of gold, ſometimes in that of lead, 
with gold, will diſſolve filver, and not touch and that of copper; but ofteneſt in a kind of 
gold; tho' without theſe two circumſtan black ſtony * full of ſhining ſtreaks. It 
it has the contrary effects. 1 has a cortoſive ſulphur, or bitumen, always 
M. Hemberg likewiſe has diſcovered a new found attending it; which turns yellow in the 
way of ſeparating gold and filver ; wiz. by fire, and has ſomewhat of the effects of anti- 
putting the maſs in a_crucible, with equal mony ; arid perhaps has ſome antimonial 
Prue ſalt-petre, and decrepitated ſalt at the rts in it, being found to volatilize the filver 
ttom thereof, and ſetting the whole to fuſe in the cupel, — ſteal it away in ſume. The 
ina, melting furnace, by a gentle fire, for the 16ſs in this reſpect is conſiderable, eſpe- 
ſpace of about a quarter of an hour. cially if the ore be very crude; ſo that the ut 
be efteR, he accounts for, by ſuppoſing moſt care is to be in making the ſepara- 
the ſalts, before they are perſeclly fus d, to tion: for a maſs of this kind being put in 
ſuſtain the mix d metal, when it 3 5 to melted lead, the ſulphur will, indeed, be all = 
melt and ſerve as a kind of fieve to it, letting carried off: but then the point is ſomewhat 
the heavier part, the gold paſs thrb', delicate; for if the fire be too ſtrong, the l- 
retaining the lighter, the ſilver, which does ver is apt 0 0 == dos it ; and if too ſlack, 
not fuſe ſo ſoon. So that if the crucible be the ſulphur Will be left behind. *Tis certain, 
taken from the fire at the proper juncture, many thouſand pounds worth of filver have 
the filver preſently - hardens, 2 In the been evaporated and loſt iff the ſeparation. 
mean time, the ſalts being but imperfetly The mineral ſtones dug out of the mines of 
fus d, prevent the ſilver's falling down, ay Peru are of different colours, qualities, hard- 
| — with the gold F. neſs, Cc. Some are white, or greyiſh mix'd 
4 Thus if 100. pounds of pure ſilver be with red or bluiſh ſpots, called Plata Blanca 
> along with lead ; the latter will all eva- others black, called *P/omo ronco, which 1s 
. porate, or be blown away upon the teſt ; and the richeſt and the eafieſt wroughr, The 
the filver remain behind without any diminu- Reficler, tho? rich, turns red, when rubbed 
tion of weight, | * againſt iron. The Zorock ſhines like talc. 
It does not reſiſt the force of antimony ; Ihe Paco is of a yellow red, extremely oft. 
Put volatilizes, and flies off along with it, The Cabrio, green, and almoſt friable. 
Whence this ſhould-proceed, is not eaſy toſay; Laftly, the Arannea, which is found only in 
| antimony, we know, is corroſive, to a great a'fingle mine at Porofi, conſiſts of threads of 
degreg ; ſo that it volatilizes all metals, ex- = filver, interwove ſomewhat like filyer- 
. z and carries them off in fumes, , that had been burnt for the filyer. | 
There is, therefore, a conſiderable difference The working of theſe mines is exceeding 
between the nature of gold and filver; the dangerous, on acount of the exhalations they 
former reſiſting lead, and every thing elſe ; yield which are even felt to a great diſtance ; 
the latter, too, refiſts lead, but not the lead and not only ſuffocate the miners, bet 
of the philoſophers, iz. Mtimony. And the , cattle grazing in the neighbourhood: 
hence that denomination of antimony, Hal. Scarce any of the workmen can bear ſo peſt 
* llential an air above a day together. It = 
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The Theory of Cnναν,&e AT. 


3. To the ore there uſually adheres a corroſive, bituminous ſulphur, which 
by its rapacious quality renders the filver volatile, and diſſipates it in the fire ; 


or even converts it into glaſſy Scoriæ, to the 


great loſs of the owner (i). This, 


which neither ſalt nor lead will hinder, is however prevented by means of 
mercury; viz. by roaſting the ore, then rap it co powder, adding mer- 
0 


; A cury thereto, and ringing them long 
che mercury; which are aft 


© times proves ſo mortal, that they are obliged 
9 


to ſtop the mines up again. The mines of 
tofi are reckoned the moſt innocent ; and yet 
they ſay, it were impracticable to work even 
theſe, bat for the herb Paraguay, an infuſion 
whereof, taken as tea is among us, ſerves as a 
* 49 —. - of flee 
ner arating and purifyi v. 
(i) 28 of the ahrer glebe or ore, 
is firſt roaſted, or calcined in a furnace, by 
a gentle fire; ſtitring it from time to time; 
ad king cans ths fire be not ſo great as 
to melt it, and make the fulphur carry away 
the filver. The ſulphur thus inſenſibly con- 
ſumed, they grind the maſs into a powder ; 


= and throw large quantities of water thereon ; 


taking care to ſtir and agitate it ſufficiently, to 
ſeparate all the lighter parts, and make them 
ſwim a-top. After it has ſtood a while to 
ſettle, they pour off the water, with all that 
was ſuſtain'd therein, and pour on freſh : this 
they ſtir and pour off as before ; repeating the 
proceſs till all the lighter earthy matters are 
clear'd away, and nothing left at the bottom 
but metal, with the heavier ſtones, Cc. To 
ſeparate theſe, they put the maſs into. melted 
lead, over a fire ſufficient to carry off the 
remaining ſulphur, yet not ſo fierce as to 
carry the filver along with it; and as mer- 
2 has a property of drawing ſilver to it- 
ſelf, they add a quantity of hot mercury to 
the melted lead : by which means the whole 


metallic matter becomes - amalgamated, or 


fix'd in a maſs, excluſive of the tones ; tho? 


the ſulphur muſt be well clear'd out in the 


firſt place ; otherwiſe the mercury will not 
attract the ſilver, but diſſolve and mix with 
the ſulphur, 

The next ſtep is to dilute and grind this a- 
malgam, or maſs of mercury and filver, in 
water 3 then they diſtil it in a retort; by 
which means the mercury- all riſes and di- 
ſils off, and the pure ſilver remains in a pow- 
der at bottom. 

In the filver works of Peru and Chili the 
method of ſeparating the ſilver is ſomewhat 
different. After firſt ing, and then grind- 


Savary Dit. de Commerce. 


ether, ſo as to unite the filver with 


erwards to be ſeparated again by diſtillation (t). 


ing the ore by a water-mill, they ſift it in iron 
riddles, and mix it up with water into a paſte: 
this, after half d 1 fend —k x 
ſquare pieces 250 pound each, 
called cuerpo; ; and bake them over again with 


ſea-ſalt, which melts and incorporates there - 


with. This done, they ſprinkle mercuryzon 
them, and bake them a, third time, till the 
be well incorporated with the whole 
ſubſtance of the ſilver. This operation, which 
is exceeding dangerous, falls to the ſhare of 
the poor 
day. To promote the of the mercury, 
they add lime and lead, or tin ore, and, in 
ſome places, even make uſe of fire. Ne 
When the ionis compleated, they 
the maſs to the lavaderos, which are 


carry 
three baſons placed aſlope, ſo that they empty 


ſucceſſively out of one into another: the ca- 
erpos being thrown into the uppermoſt, and 
the ſtream of a rivulet turn'd upon it, the 
* earthy part is ted, and carried 
off; which is forwarded by an Iadian, all the 
while — 2 the maſs. 
water goes ear, the ſilver is found at 
the bottom, in rated with the mercury ; 


in which ſtate it is called pella. To get out 


the mercury again, th t the pella in 
wooden bags, reefs ie 2 d it Bghtly, 
and at laſt full it in a ſort of wooden mould, 


or trough, perforated at bottom like a co- 


lander ; and now the maſs is called pine. 
The pinea being taken out of the mould, is 
then laid on a copper-plate full of holes, over 
a trevet, under which is a large veſſel of wa- 
ter; and the whole cover d with a capital of 


earth, which they ſurround with fire. 


. 


this means, the m remaining in the p#- 


eur 
. nea, is firſt volatilia d, and raiſed ; then falls 
into the water, where it condenſes, and thus 
leaves the filver in grains of different figures ' 


ſticking to each other. And tis in this form 


the workmen endeavour clandeſtinely to ſell 


the filver to foreign veſſels, trading in the 
South-Sea *. | 


(4) V. Phils. Tranfa#. No. 589, 590, 591. 


N AvD1iT1oNs 


ian, who go to it eight times a 


When the 
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The Theory of, CnEMISTRx. 


AvDDIiT10N to the Article S1LvER. 


Is natural bio. 

Tt is found either native, or in ore. Na- 
tive ſilver is often found conſiderably pute 
and unmix'd, in the cleſts of rocks, or abures 
of ſtones; and frequently adheres to cobalt, 
which it ſeems particularly to affect. This 
native filver is met with, ſometimes, in the 
ſorm of branches, or twigs, and ſometimes in 
that of hair, grains, or leaves. Sometimes 


n or maſſes of 


a very , | 
Silver ore is often red, when it ſeems to be 


mix'd. with co 


or gray, according to the matters where with it 
is mix 
frequently fcund- in the ores of lead, tin, 
copper; and ſometimes in a conſiderable pro- 
portion. There are filver mines in ſeveral coun. 
tries, as Great Britain, — — „Hun- 
5725 Lac, &c. but the ri are of 
ico and Potof. 


if it affords a part of ſilver. 


He ſeparated from its ore. 
It is 7 — om lead · ore, by bare 
teſting ; and ſo it may be from the ores of 


other metals, by means of lead, uſed in the 


_ fame manner But it requires more labour 
and addreſs. to ſeparate 
Mexican and Peruvian ores ; which are u- 
ſually not only extremely hard, but alſo mix'd 
with bituminous, ſulphureous, arſenical, or 


vitriolic matters,.. capable of calcining the 


matter, or carrying off a t of- it: 
in the fire; ſo that accor —— — 
of the ore, 4 ſuitable is to be 


When hard and ſtony, they break it 
ha hammers, .and boar yur fer render 


it friable; chen grind it by the mill, and if 
I eous ſubſtance be now | 
mix 


the remaining h 


find it contains iron, they add antimony or 
ſulphur ; and thus calcine the whole 3> 
will- 


= 


unite with the metallic part, whether 
gold filyer, tin, biſmuth, or lead: but if the 


then grind; it with quickfilver ;-whi 
now 


cauſe.it to run floggiſh; and with tails; 


ator is directed how to treat 
maſs, by lotion, percolation, diſtillation, 


gere the article LI av. 
3. Mem, 4. dead. 1702+ 


. t, which gives it that colour; 
*t alſo ſometimes black, white, purple, green, 


d: not to mention again, that it is alſo 
and pure filver, without any 
we know of no great virtues they are poſ- 


The ore is ſaid to be rich 


filver from the 


with or without adding the calx 
| +: See the article. Gol d. 


of copper, or other metals thereto. The beſt 


way. of rendring filver perfectly pure is, per- 
haps, after cupellation to fuſe it well with nitre 
and, borax, and repeat the operation till it will 
no longer turn theſe falts green +. 

It wirtues and medicind wes. 

The chemiſts and chemical phyficians have 
attributed extraerdinary virtues to ſilver, which 
are not warranted by experience; and yet 
they have had the ſucceſs to introduce it into 

icine under various ſhapes. Some prepa- 
rations of it, however, may have great — ; 
as the lunar pills, the lunar cryſtals, and the 
lunar cauſtic ; tho perhaps their efficacy de- 
as much upon the menſtruum as the 
metal: but for the lunar tinfurer, if made of 
mixture of copper, 


ſeſs'd of. 
| | Its other uſes. 

Its uſe in the way of coin, plate, veſſels, 
ornament, c. need not be mention d. When 
er pure, it yields but a ſmall ſoft ſound; 

ing leſs ſonorous than iron and copper, tho 
more than gold; but if mix'd with copper, 
it becomes harder, more ſonorous, yet pre- 
ſerves a great degree of duQtility : whence ap- 


pears the great utility of its alloy. Its be- 
ing *. t lighter than * may fit 
it for ſeveral purpoſes where gold might be 


r. In chemiſtry, tis uſed for imbi- 
bition, corporiſication, and confirmation of the 
ſubtile atoms of gold and filver. 

. Hints for its alchemical hiſfory. 
It loſes of its ſound and colour by being 
mix'd with lead; tis render'd-brittle by tin; 


more fuſible, and volatile by antimony ; and 


is ely aſſected, or demetallized, by burn- 


ing ſulphur. How is it affected by phoſpho- 
rus ? Will a gentle treatment of it upon the 
teſt with of antimony, or a proper cc- 


mentation with crocus metallorum, obtain any 
gold from it; and if ſo, how much? 

Silver, expoſed to the focus of. a large burn. 
ing · glaſs crackles, emits a copi 
is at length 
or calx; .which duſt, if the filver have been 
refin'd with antimony, is. of a yellowiſh hue ; . 
and by the further action of the ſolar fire, 
will vitrify like gold: but if it have been re. 
fined with lead, the calx proves whiter, and- 
never vitrifies +, | : 


Of 


fume, and 
 cover'd pretty thick with duſt, 


8 dt * LE 


WS near it. 


1. Co (1 
(2) 1 Tiki e, tho? leſs ſo than the preceding metals. 


(3) Confiderably fi 
(4) Ductile under the hammer, and 
alſo very elaſtic, and yields a tinkling ſo 
(5) Ignites before fuſion, and m 
meta 


except i 


The Theory of Cukuis Tar. 


Of COPPER. 
) is in weight the next to ſilver (. 


into little cryſtals (p). 


t readily turns to Scoria or glaſs with iron or antimony, and flies of 


) 1 | 
in 2. upon the teſt, or throꝰ the pores thereopß. 
2. It is found in mines, in all countries; and adheres 


ſtone or ore, as frequently to require fourteen fuſions before 
Its ore often contains filver, eſpecially the black and blui 
RE green and brown having a leſs ſhare. In its veins are alſo frequently 


N 2 


next to that of ſilver; being to gold as 8 to it ruſty in a day's time. 


to 10. 

() It continues long fix d in the fire, be- of a ſalt contain'd in them. Co 
fore it flies off ; or much longer than lead or 
tin: tho' at length it loſes much of its weight: 
being much more difficult of fuſion than fil- 
ver, and igniting before it fuſes. | 

(=) Of all the unmix'd metals it is the 
moſt elaſtic and ſonorous ; and on that ac- P 
count is commonly uſed for the ſtrings of mu- diflolvents, but this is diſſolv d by all. 
ſical inſtruments, trumpets, bells, Sc, 

(e It muſt be remember'd that if, when 
opper is fuſed, a fingle drop. of water do but 
all upon it; or if the moulds, veſſels, &c, 
i is caſt in be moiſt, it flies into numerous to 256806 times its own 
particles, like ſhot from a gun, with an in- 

credible noiſe, and may deſtroy the perſons and a faint, yet diſcernible one, to a 
4 For this reaſon the Sweliſb miners 5 30620 times its bulk “. 
eee aautious of admitting any body to be pre- 9 Copper ore is ſound in divers places, 
ent at their meltings, Jeſt chancing to ſpit, both in 2 

eene, or the like, they bring inſtant deſtruc. 
10n on them all. 
(7) The diſſolution of copper in the air of it. | tu. | 
pews itſelf by an erugo, or ruſt covering the Wherever copper is found, there is always vi- 
metal ; which when view'd with a microſcope, 
Lppears as a cluſter of cryſtals of different co- wiz... green, blue, and white: with copper 


ours, according to the ſalt that produced are likewiſe found the richeſt and brighteſt- - 
hem. Thus cop 


par-houſes, immediately contracts a ruſt, and 
rows green; and the ſame is effected by 


See Boyle Abr. Vol. I. p. 408, 409. 


d in the fire, yet fumes and is in part volat 


of clear water; 
nay, a manifeſt tincture to above 3852004 - 


triol ; and that generally of all the three k 


ile (n). 


19 ; to water as 8 to 1, and to ſilver as 8 diſſolve COPPer 3 witneſs oil of olives, Sc. 
| by means 
; | pper, dif- 
ſolv'd by acids or fix'd alcalies, turns 
and by volatile alcalies, of a beautiful Blue. 
From this common reception of all men- 
ſtruums, copper is called b 
Venus, that is, meretrix. publica, a common 
roſtitute, Other metals have their peculiar. 


the chemiſts. 


The extreme diviſibility of copper exceeds / 
all imagination: Mr. Bolt making a. ſolution . 
of a ſingle grain of the metal, in ſpirit: of fal- 
ammonaac, found it would give a blue colour 


rope, Alia, and America; but in 
Germany ʒ w t are whole mountains 


N 


i if f 14 $83» 9 7 vo green, 
_ () The firſt charater of is its ſpe- common and other ſalts; which, being ſprink* 
© cific gravity ; which, as already noted, comes 


Copper, its 


chara#ers. 
Weight. 
Simplicity. 
Fixity. 


may be drawn into fine wire 3 being Pau 
und (#) | 


ts with more difficulty. than all the other Fsbilig. 
ron; when melted it makes a ſtrong oppoſition to cold water, 

the pouring of a little thereon being of terrible conſequence (o). 

= (6) Eafily diſſolves with any falt, and turns green, or blue, but readily lets Di/oation. 
go its ſolvent, and loſing its former beautiful colour, becomes an unſightly 


dirt. And thus in the air, or water, it ſhoots into effloreſcences, and thence 


fo ſtrongly to its Where frund. 
becomes pure (9). 
ore z the yellow, It ore. 


* 


inds; 


» ſuſpended in the vine- colour'd gems, as emeralds; turquoiſes, and 


% 


the like green and blue precious ſtones, 
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The Theory of 
greens blue, ruddy and white vitriol 


that 


The ſeparating of copper from its ore 
1s —f— difficult; to which difficulty is ow- 
ing 22 price which the metal bears. 
For tis d in ſuch abundance, that were 
it not for this, it might be ſold extremely 
cheap; but it adheres ſo Rrongly to the ſtony 


3 alſo beautiful green and blue ſtones: 
no foſſil metalline matter has ſuch a variety of beautiful colours (7). 


CurMisTaRY. 


Ercker ſays it muſt paſs through fourteen 
furnaces before it be pure. So long as any 
of the ſtony ſubſtance adheres to it, it re- 
mains friable: But a portion of that is ſep - 
rable and caſt off at every fuſion : till, at 
length, aſter the fourteenth fuſion, it is all 
N and the metal left red 3 and mal. 
leable. | 


to malleable copper, by repeated fuſions. In 2 


matter, that tis a wonder it ever be 
ſeparated at all. | 
- ApDpiT10Ns to the Article Corp ER. 
- wa t natural hiflory. 
It is ſometimes found native and pure in the 


form of twigs, rods, branches, balls, or grains; 


but generally mix'd in glebes, pyrites, or ores. - 


Some copper ores are yellow, violet, purple, 
green, blue, blackiſh, bright gold-colour'd, 
- Sc. It is often accompanied with the ores of 
filver, iron, or lead; and commonly contains 


a large quantity of combuſtible common ſul- 
1 h | = 


b Ur. x | 
2 ore is ſometimes alſo found in form 
of a 0 or powder ; and ſometimes procured 
from the water of certain ſprings containing 
vitriol. In the mines of Hungary, Dr. Brown 
obſerves, there are divers ſorts of ore, but the 
chief difference is between the yellow and the 
black ; the firſt whereof is pure copper ore : 
the black alſo contains a portion of falver . 

Heu ated from the ore. : 
The ore is differently treated according to 
the ſubſtances wherewith it is mixed. If it a- 
bounds with filver, tis firſt gently roaſted, till 
a great part of the ſulphur goes off in fume. 
At Goflaar, in Germany, they firſt break the 
e 3 then burn it in an 
open fire of and charcoal; after which 
beat it ſmaller, and roaſt it twice again: 


thus make it fit for the firſt farnace, where 


it-is — = red matter, —_ 
copper-ſtone ; which being again roaſted 
melted becomes black-copper ; this = roaſt 
again, in order to free it from its ſulphur ; 
and now it is in a fit ſtate to be treated for its 


filver ; which they out by adding four 


parts of lead to one of the blaek copper, then 


melting them together in a ſtrong fire, and 


ing the maſs into moulds, where it hardens 


into blocks. Theſe” they carry to another 
furnace, and bury in charcoal ; giving only a 
gentle heat, fill the lead and filver melt and 
run away together, into the baſon or receiver, 
leaving the copper blocks unmelted behind, 
which are thus h -comb*'d, and drain'd of 


their ſilver ; but left capable of being brought 
| + Ibid. 


' ® Phil. Tranſ. Ne 59. 


1 


upon totally freeing it from its ſulphur, which 


Ii of importance to a phyſician to be well 


all night in copper 


the Hungarian mines, Dr. Brown” tells us, 
— ſometimes burn the ore, and ſometimes 
melt it; and this, ſometimes by it ſelf, and 
ſometimes mixed with other minerals, and its 
own droſs. He adds, that an hundred weight 
of ore will yield 20, 30, 40, nay 50 and 60 
pound of metal +. 

The purification of copper chiefly depends 


may be done, for the more curious uſes, by melt. 1 
ing it ſeveral times with fix d alkali, nitre, oo 


o 


Iii medicinal virtues. 


acquainted with the nature and properties of 
copper; as it furniſhes a great variety of re- 
mecdies. It may be ſaid that what Parace/- 
ſus and Helmont have advanced of an univerſal 
remegy, ſeems to hold of copper. Thus, 
Butler's famous ſtone, if there be any truth i 
the account, was a preparation of this metal : 
the celebrated remedy of Yan HelImont was 3 
ſulphur of vitriol, fix'd by a long calcination 
cohobation. Mr. Boyle"s Ent weneris is 1 
vitriol of copper made with ſal ammoniac. 
Copper is an excellent emetic, having this 
ſingular virtue,. that it exerts its force as ſoon 
as ever tis taken; whereas other emetics li 
long in the ſtomach before they operate. 
Bat a fingle grain of verdigreaſe immediate!) 
vomits; and hence, ſyru „ which have ſtood 
ls occaſion vomiting. 
Copper has been ſwallowed crude without 
harm; and returned without diſſolving in the 
body. But its preparations, given internally, 
ſometimes prove ſo vidleat and ha zardoos, that 
few chuſe to employ them where ſafer med: 
eines may anſwer the end. They are moſt 
them emetic; and diſorder the body too much 
ſo- as to approach the nature cf poiſons, fl. 
ther than that of remedies. | 
Its common uſes. 
Its uſes in mixture are known. Thus = 
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1. Iron is (1) diſtinguiſhable by its proper gravity (5). agb. 


(2) Leſs ſimple than the preceding metals; as affording manifeſt indica Simplicity 
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tions of a crude ſulphur, or combuſtible matter adhering to it, which fre- 


quently appears in live flames (i). 


(3) Pretty fix'd in the fire; yet ſo as to fume and ſparkle, as it were, 
eombuſtible matter, and thus continually loſes of its weight (u). 
(4) Ductile under the hammer, and may be drawn into wire, but not 


an exceeding fineneſs ; for then it cracks or ſnaps. It is alſo hard and ſo- 


norous (x). 


(5) Ignites long before it fuſes ; nor melts without a violent fire; 


the moſt lowly of all metals: when red-hot it will bear the contact of cold 


water, without dan 


kin it makes a bell-metal, and a metal 
for microſcopes, or 1 teleſcopes. With 
calamine it makes braſs, with zink prince's-me- 
tal, with grape-huſks it makes verdigreaſe, &c. 
ints for its alchemical hiftory. 

Expoſed upon a tile to the focus of a burn- 
ing-glaſs it turns to a reddiſh calx, then melts 
into a red, and almoſt opake glaſs ; which 


is reducible to copper by being melted upon 


charcoal. It burns and gives a green flame in 
the fire, or a candle. —. and diſtilled 
with ſublimate, the copper remains behind 
with the falts, in form of a red inflammable 
roſin that burns green. Hence queere, whe- 
ther it be not compoſed of an inflammable 
ſulphur, and a red vitrifiable earth ? | 
% Vid the table, where it is ſhewn to be 

next in weight to copper, 

(1) Theabundance of ſulphur in iron is appa- 
rent from the ſparks it emits, when ignited, and 
beat under the ſmith's hammer ; thoſe ſparks 
being owing to the ſulphur of the iron: nor 
is Hay any thing like them ſeen in any other 
m 


etal. 

(x) It is very fixed, as to its metalline part, 
but not its ſulphureovs one. This latter is 
retty eafily N — bo, 
re; as appears from the 2 — 
iron, n or melted. If you ex- 
poſe iron to an intenſe fire, it grows warm, 
reddens, burns, turns of a flame colour, and 
at length emits ſparks, and then runs. If it 
be now taken away, it will be ſound ſoſter 
for the ſuſion: but if you continue it in the 
fire, it comes, at laſt to yield x whitiſh fume 3 
and thus loſes a great part of. its body, viz. 

its ſulphur, 
(x) It is the leaſt ductile, the ha: deft, and 


* De Mater. Cube. 


to the by-ſtanders (). 
(6) It eaſily diſſolves with any falt, growing ru 
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moſt brittle of all the metals. Yet by fuſing 


it we can render it ftill harder, and more 


brittle, and ſcarce capable of being drawn, or 


extended at all: or, if it be only ignited, and 
then quenched in cold water, it grows harder, 
and loſes much of its former ductility; and 
the more fo, as the water is colder, and denſer, 
and the extinction more ſudden. This extra- 
ordinary brittleneſs of iron ariſes from the 
ſulphur intermixed with it : and the greater 
quantity it contains, the more brittl does 
it impart to the metal. 

It fuſes with difficulty, and contrary 
to the nature of all other metals, the more it 
is ignited, the ſofter, and more ductile it be- 
comes; being ſcarce flexible or malleable at 
all till after ignition. | 

Add, that when in a ſtate of ignition, both 
its weight and dimenſions are greater than 
when cold. M. Muſchenbroeck, counter poiſing 


. a priſm of iron of three pound weight in a 


nice pair of ſcales, which would even turn 
with 2, of a grain; and afterwards heating 
the priſm red-hot, found that it ſtill weighed 
exactly three pound : whence he concludes, 
that it had gained in weight from the fire. 
For the experiment being made in open air ; 
and heat being always Hund to dilate iron; 
tis evident the ſpecific gravity of the metal 
muſt have been diminiſhed by ſuch dilatation: 
which muſt have been perceived by the ſcales 
unleſs ſome new weight had been added to 
it from another quarter ®. This acceſſion of 
weight may ariſe from the frery particles fix- 
ing therein: and if, when ignited, it be pre- 
vented from extending itſelf, it burſts ; and 
either breaks, or throws of any body that. 
reſtrained it. | | | 
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| o its ſolvent 
Rope... 


inclined to ruſt (⁊). +1 | 
Deflra#ible. () It is the moſt * 17 ls of all metals: with lead and antimony it 
immediately turns to Scorie (a).. * 
Magnetiſm. c) It Þs attraftcd by and attraftsthe load-ſtone (I), ung 4 
Salubrity. (9) Tt has great medicinal virtues, being nearer allied to the human body 
than any of the other metals; ſo as to be almoſt wholly diſſolvable therein (c). 
Where found. 2. Iron ſeems to be produced in all countries. It is found in unctuous 


1 what form marly earths ; which when burnt in the fire, diſcover their metal by the red- 
ON neſs of the colour. It is alſo found in a ſtony ore, where it ſhews it ſelf by a 
ruſty colour, or, if it be rich, by a pale bluiſh one, and ſometimes alſo by 
its magnetic power. It is likewiſe manifeſtly known to be in the green, 


in, and turns into a ferruginous Scoria, Hence itis extremely 


(x) It is eaſily diſſolvable in ſalts, dew, 
air, &c. By the action of any of theſe it 
contracts a ruſt; which is nothing but the 
flowers of iron ; or iron diſſolved, and relin- 
quiſhed, by. its diſſolvent: for iron being ex- 
amined with a microſcope, when ſirſt it be- 


vitriolic ſameilæ, 
6 er wards dried, by 
the fluid menſtruum's —— become a 
ruddy ily matter aly 
_ deſtitute of all ſalt, or acidity, being ſmeer d 
over iron, hinders. its ruſting; by preventing 
the 2 of the air, the ſalts floating wherein 
would prey upon it. 
4 — method uſed by artificers to 
reſerve iron bright; vis. by oil of olives 
Fele with a little litharge, or ceruſs, which 
abſorbs the acidity of the oil ; or they only 
boil the oil to a thickneſs, and fo exhale the 
acid, before they uſe it. 
In effeR, all {alts, unleſs we except the al- 
caline, have a power of diſſolving iron. And 
hence that, elegant. experiment of taking a 
urge plate of iron, and applying to it, in one 
place, a drop of water; in another a drop of 
vin ; in another ſpirit of vitriol, c. for 
all theſe ſeveral s will bring a dif- 


ferent ruſt on the metal, according to the na- 


ture of the menſtruum employed, _ 

(a) It neither reſiſts the of lead, nor 
antimony ; but being fuſed with them, rea- 
22 in fume, vitrifies, or turns to 

7 


a. q 

6) But it muſt be remember'd that iron it 
ſelf may be brought to attract irons or that 
it ma e a magnet with reſpect to it ſelf. 
Dr. Gilbert obſer wd long ago, and Mr. Boyle 
confirms the obſervation, that iron rods, as 
the bars of windows, by ſtanding a long time 
ina 


+ See Boyl. 4br. Vol. I. p. 499. 


perpendicular poſition, will mag- 
netical: ſo that the bottom ofthe ar wife. 


traſt the Sarehern end of an animated. heedle, 

and repel. the Norrbern ; but the upper end 
attract the Northern, and repel the Southern. 

Mr. Boyle has _— — — har of 

ithout ſtanding long in an e re, 

7 Ae, wi 


iron, 
by merely holdi 
—— the ſame virtue; but then the virtue 

ill be tranſient ; ſo that if you do but invert 
the bar, its poles will be changed. 


The ſame author obſerves further, that the 
ſame virtue which a bar of iron acquires in a 
long courſe of time, merely by its poſition, 
may be ſoon imparted to it by means of fire, 
And hence we find, that the ſame experiment 
holds in tongs, and other iron utenſils, which 
— — ſet” to cool, leaning againſt the 
wall. 

And hence, probably, the ſtory current a- 
mong the alan naturaliſts, viz. that a large 
iron bar, ſupporting a croſs of an hundred 
pound weight, on the top of the church of 
Arimini, was tranſmuted into an actual load- 
ſtone; & piece of which was preſerved, among 
other raritics, in the repoſitory of Alare- 


vVandus. 

"I —— having brought a large 
piece lib oker to a „ an 
then — red-hot, and cs 26% in 
an ered poſture, it diſcovered a magnetical 
virtue; and would attract one end of a needle, 
and repel the other T7. But whether this laſt 
caſe be not accountable for from the ferrugi- 
nous matter wherewith that mineral is known 
to abound, even beyond ſome iron-ores, con- 
tained in the oker, will admit of a doubt. 

(e) Iron is one of the nobleſt remedies in all 
medicine; perhaps of more efficacy, in chroni- 
cal — ek now and vegetable 2 
put t is greatly ſtrengthning an 
aperitive, aſtringent or ſtyptic, 2 bn tſk 


ai 


_ , 


D 


2 
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(4) Iron is found in moſt parts of the 
globe ; nay, even in all ſorts of matter : par- 
ticularly, all the parts of animals, both ſo- 
ld, and fluids ; as milk, urine, blood, fat, 
= bones, fleſh, &c. Out of any of theſe iron 
i. procured, by calcining them, and then 
drawing a load-ftone, or the edge of a knife 

WW touch'd with a load - tone, lightly over the 
calx, or aſhes : for the iron particles are by 
this tneans drawn out of the athes, and adhere 
to the knife. 

5 Again, earths calcined, afford iron; as we 

ſee in clays, and potter's-earths ; it being the 
iron alone that gives them their reddiſh co- 
lour, when burnt, or baked. The ſame is 


of a bluiſh, livid clay, and only become red 
in virtue of the iron particles mixed with 
—_—_ them. 
q Dr. Lifter imagines he diſcovered that iron 
is the baſis of the ſtone in the bladder, and kid- 
WE neys ; and conſequently, that the more we 
eat of vegetable and animal ſubſtances con- 
taining ſuch iron, or the more chalybeates, 
or iron medicines we take, the more matter 
i ſupplied for the generation of that diſtemper. 
The — of this doctrine is that aboye- 
mentioned of iron extracted out of the calx of 


the ſtones themſelves taken from animals. 
== ut tho' thus much be allowed, ſtill it may be 
doubted whether it is iron that generates the, 

calculus. For when iron has contracted a ruſt, 
it is ſcarce attracted by the load-ſtone at all: 
ſo that it is a little unſafe to thus: all 
vegetable and animal ſubſtances afford a 
* calx which is attracted by the load-ſtone ; 
* conſequently the iron we take furniſhes the 
matter of the ſtone: fince iron it ſelf, if 
hanged by a ſalt, or acid, or even by heat, 
does not fly to the magnet. 
chor, therefore, has carried the point a little 
oo far and accordingly, all he has wrote on 
ii priuciple, about ſpaw-waters, and chaly- 
cat medicines, muſt be logked on as very 
precarious and hypothetical. 

The running of iron from its ore. 

Iron is rarely found in its own form; but 


| Its natural hiftory. 

Iron, being the moſt ache as well as the 
oſt common of all metals, defer 

hiſtory carefully tr , 


* Phil. Tranſ. Ne. 137. 


obvious of bricks, tiles, c. which are made 


human urine, or milk, or blood, or bones, or 
. ticularly rich in irax-ore 5 which it yields of 


That excellent. 


deſerves to have 
and its nature 
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The. Theory of Cn nMISTRY. 
foil vitriol (d). But to reduce the ores to pure iron, requires an intenſe fire; 
with certain proper additions, and previous roaſting (c). 


0 
moſt commonly in black, or brown 2 
from which it is ſcarce to be ſeparated b fire 
alone; without ſome addition to abſorb the 
ſulphureous part. 
brought to run fluid, and received in moulds of 
different forms, according to the works it is 
intended for. 
| Natural hiſtory of iron. 

2 Iron mines are common in moſt countries 
of Europe ; Norway, Poland, Germany, France, 
England, &c. abound with them: only Ame- 
rica which is ſo plentiful in gold filver 
mines, has none of iron : and accordingly, the 
natives prefer a metal of ſo much uſe, Aike 

ond their own treaſures, In ſome mines in 
Silefia, M. Stah! obſerves, * find grains 
of iron, already malleable, Mr. Boyle adds, 
that one of the beſt ſorts of Sewwediſs iron is 
found in form of a mud, at the bottom of 
lakes, and other ſtagnant waters. | 

Its common glebe, or marcaſite, bears a near 
reſemblance, to the load-ſtone 3 as in effect, 
that ſtone always yields true iron. Sometimes, 
it is. in pieces as big as the fiſt ; and ſometimes 
only in a ſand; Again, in ſome places, it is on 
the ſurface of the earth, or ſcarce an inch or 
two deep; but tis more common to have it at 
a depth of four, five, or ix feet. 

e foreſt of Dean, in Glcefterbire,. is par- 
t, Sc. The is that 
of a bluiſh colour, heavy, and full of ſhining 
ſpecks, like grains of Der: but this, tho 
it yields the greateſt quantity of iron; yet, be- 
ing melted alone, the metal is too ſhort and 
brittle, To remedy this, they mix it with 
the cinder, or remains of old ore melted down 
long ago; which gives it that excellent tem- 
per and toughneſs, for which this iron is ſo 
much preferred to any other“. a Rn. 

In the irot-works, at Milthrop, in Lanca- 
Sire, they aſe” turf along with the charcoal, 
which makes the iron better than the coal a- 
lone. Bekde, to the calx thus produced, they 
add about & of the quantity of lime · ſtone un- 
burnt, to make it melt more freely, and caſt 
the cinder, which they take off before they 
let the metal run T7. T 


divers colours, wei 
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22 into. In ſome ſew mines 


it is now and then found native and pure, ei- 

ther granulated, or in ſmall twigs, or lumps, 

Its ore is ſound of very different {hay 
4 


By this means the metal is 
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lours-; - ſometimes it appears as a OUS, 
dark, yellow, or reddiſh ſtone; ſometimes 
He a hone, or a whetſtone ; Tometimes as 
oker, marcaſites, ruddle, or red ſand. Theſe 
different ores arealſo different in their natures, 
with reſpe& to the iron they afford by the 
ſame treatment. Thus there is a liar 
German ore, ſmelted in Holland, which af- 
fords an almoſt malleable iron, at the firſt 
running, and thus makes plates that will cut 
or file with great eaſe, to very great utility. 
If this property could be found in other iron 
ores, or could by art be cheaply communi- 
cated to them, it would prove an univerſal be- 
neſit. We have ſcarce any iron in England 
fit to make good 
above mentioned makes it excellently. This 
being the beſt kind of iron ore hitherto known, 
we ſhall find, by tracing the ſubject, that 
there are numerous intermediate ores, till at 
length we deſcend to ſuch as will afford only 
a rotten worthleſs metal, not deſerving the 
name. Again, ſome iron-ore yields this me- 
tal eaſily, and without any addition ; others 
with difficulty, and require additions to lay 
hold of their ſuperabundant ſulphur. For 
this purpoſe they uſe lime-ftone, quick-lime, 
marl, ſtones, ſlag, or other cheap materials, 
that will fix and detain ſulphur. The tougheſt, 
or moſt malleable iron is the beſt ; that which 
is brittle or rotten ng. of the leaſt value, or 
uſe: tho' perhaps this difference may not pro- 
ceed from any real difference in 
metallic part, but be wholly owing to the 
earthy, groſs, vitriolic, and ſulphurgous mat. 
ters adhering to it, or intimately combin'd 
therewith ; whence proper experiments ſhould 
be made to try whether ſuch matters could 
not be 1 from the me- 
particulars 


tal. Many ending to this end, 
may be learnt by converſing with Rilful work- 
ers in iron, are, perhaps, ſuch as few phi- 


loſophers would dream of. But to treat this 
ſubje& properly would require a volume. 
ſeparated from the ore. 

The common ways of ſeparating iron from 
its ore are already explain'd ; 1 
they might be greatly improv d, by uſing ſuit- 
able additions, and mixtures of earthy, alka- 
line ſubſtances 3 and a peculiarly adapted 
fewel. The ſtrongeſt fire, in a conſiderable 
body, and actual contact of a large quantity 
of the ore with a vegetable fewel, are the 
common requiſites to the making of good iron ; 
the furnaces being built in ſuch a manner as 
that the ore ſhall burn as fewel. Perhaps no 


iron is procurable even from the beſt fort of 


ore, in a cloſely-cover'd crucible, or melting- 
pot. A mixture of ore will often yield me- 


® Meteor, l. 4. e. 6. 


ſteel of; the German iron 


proper 


Dr. Lifter 
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tal, when the ores ſeparately could not hs 
work'd to advantage. The iron ſmelting- 
furnaces are ſo contrived that the metal, when 
it runs, may flow into a proper receiver at 
the bottom ; where it may be let out at a tap- 
hole, ſo as to run into a bed of ſand, as into 
a mould, where it receives the form of what 
they call ibn, or ſows. But ſand renders the 
ſurface of the metal unequal, and perhaps, 
affects its more internal parts, either on ac- 
count of the air, moiſture, c. contained in 
the ſand: whence it might be adviſeable to 
contrive a better bed for it, of ſome proper 
earth, that ſhould neither diſturb its external 
nor internal parts z whence the metal might, 
probably, prove ſofter, and more e . = 
or require leſs labour to make it malleable. 
How made malleable. | 
The 72 or ſow- metal is not malleable, but 
render d ſo by being beat hot, which ſeems to 
ſqueeze out of it a kind of droſſy matter le 
metallic than what now remains wedged cloſe 
together, and laid even by the force of re- 
peated blows, The common method wherein 
this is done, will be better learnt from ſeeing 
— work, than by reading any deſcription 
of it. AX 
Hi eel, 1 
The buſineſs 4 2 remains ſome what 
obſcure: the naturaliſts from Ariforle to 
our time, ſpeak of the making it in term 
which leave a man greatly to ſeek for the pre- 
ciſe method thereof. It ſeems the artiſts | 
had the addreſs to elude their enquiries ; and 
ſtill keep ſomewhat of the myſtery to them- 
ſelves. | 
Ariſtotle ſays, that fleel is only iron defecated, 
and made pure, by repeated fufrons ; for the in- 
pure parts, or Scoriæ, he obſerves, ſubſide, and 
are purged off by the bottom. And the like 
account is given by ſeveral later writers. But 
ews they are all miſtaken : iron, 
of it ſelf, he notes, how oft ſoever purged, 
and refined, will never become fteel, wi 
other addition 7. 
The chemiſts, with the rality of lat! Rn 
or__ _ Platt, &c. Will have hone Vw 
eeping the iron ignited ſome time, ami * 
the Eo ak fume of ballocks horns and hoo, BR 
and charcoal made of beech, or willow); and i 
then plunging it in cold aſtringent decoRtions. am 
But theſe additions appear to be no better than 
a blind; they are neceſſarily required for 
caſe-hardening of iron, which may have led 
authors into the notion ; but don't contribute 
any thing to the converting it into ſteel. 
Kircher and Agricola Eccrids the method 
of making ſteel, as practiſed in the iſland of 
Iva, a place anciently famdus for this meta: 


« The 


LS 


* the iron is firſt heated red-hot, then cut in 
« ſmall pieces, and thus mixed with a ſort of 
** ſtone which promotes the fuſion: then, a 
« crucible is ſet in a ſmith's forge, and filled 
4% with charcoal. When the veſlel is red hot, 
« they put in by little and little, the mixture 


they thruſt three or four pieces of iron into 

| « the middle thereof, and keep them boiling 

« therein, with a ſtrong fire, five or fix hours; 

« obſerving from time to time, to ſtir the 

© melted metal, that the pieces of iron may 

| © jimbibe the ſmaller, ſubtiler > qua: there- 

= *©* of, and have their own groſſer particles at- 

% tenuated thereby. y, taking out the 

pieces, they fo 

into bars thus, hot as they are, 

| « plunge them into cold water: taking them 

boot gs u"r they 8 rind ſteel ; ne 4 
= * not ſo perfet, but that vent 

— — neon 

matter into 
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= * make them undergo the 
| *< time; firſt caſting ſome 

& the crucible *.” | 
Iron, how converted into fleel, in the 


3 large way. 
4 3 The to be 
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making of iron into ſteel appears 
= the work of the fire ; whilſt the — is de- 
ſfended from the external air. The manner is 
== this. They take rods of fine ſoft iron, about 
an inch broad, and lay them upon one an- 
other in a furnace, built after the manner of a 
cheſt ; with care to ſtrew charcoal-duſt be- 
tween them fo as to keep them from touching: 
—_— when the furnace is filled, they cover it cloſe 
on all fides, uſing a me r luting for the pur- 
.; = poſe, and keep up the fire, as in a reverbera- 
„dor furnace, fo as to make the bars red-hot 
without melting : and ia this ſtate they are 
kept, from the external air, ſeven or eight 
hours ; then, ſuffering the fire to go out of it 
ſelf, and the furnace to cool, they open it, 
and find the bars changed into ſteel, Some 
uſe ſtreet-mud along with charcoal-duſt ; the 
mud being firſt baked, and powdered. The 
operation is known to be perſect, if upon 


BESCOESE 


— inapping a bar, it ſhines, or looks quite 
id through full of bright ipangles, which the 
4 workmen call the grain. If it does not a 


pear thus, quite through, the operation is to 


and . - 

repeated. There are ſeveral curious particu- 
_ lars to be obſerv'd in this operation, — 
pu to the difference betwixt iron and ſteel, &c. 
* which we cannot now conſider It is found 


r iron makes the beſt 


The medicinal wirtues iron. 
The internal medical virtues of iron were 
not unknown to the ancients. Dioſcorides at- 
tributes an aſtringent virtue to it, and recom- 


. * Agric. de re metal. lib. 9. 


* of iron and ſtone. As ſoon as tis melted, . 


them, and draw them 


The Th-ory of CunmisTay. 


mends it in internal hamorrhages. It is al- 
lowed an excellent remedy in many diſorders ; 
but requires a prudent management. It may 
ſafely and advanta y be taken crude, or 
in filings, provided the doſe be not ſo large 
as to load the ſtomach. It is remarkable that 
the virtues of iron, and its various rations 
correſpond to its taſte, which is ſtyptic, ſo as 
to contract the fibres of the tongue, and the 


whole mouth; thus occaſioning a large diſ- 


of the ſaliva. It ſeems to act in the 
body, chiefly by means of its vitriolic ſalt. 
'Tis allowed to produce effects quite contrary 
in name, ſo as to conſtringe and evacuate ; to 
purge and bind ; 99 — the menſes, and 
check them, &c. all which is eaſily under - 
ſtood from knowing its nature, and the man- 
ner of its acting upon the ſolids and fluids of 
the body, by means chiefly of its ſtypticity, 
or vitriolic quality, Whether the beſt ways 
of preparing it for internal uſe are known, is 
uncertain. Some ways of preparing it ſeem 
rather to ſpoil it; as thoſe by calcination, or 
reverberation to make a crocus. The fofteſt 
cleaneſt iron ſeems beſt for medicinal uſe : but 
perhaps ſome of its ſoft native ores, if pro- 
n and extracted without much ſire, 
are better in phyſic than the metal. 
Hints for its alchemical hiftory. 
Iron expoſed upon a tile to the 
benny laſs, melts, fumes, and vitrifes ; 
but if laid on charcoal, only melts, 


recovers its metalline form. All the experi- 
ments hitherto known to have been made upon 
iron, being conſidered, it ſhould ſeem as if it 


conſiſted y of a bituminous matter, or 


ſulphur, a vitriolic ſalt, and a vitrifiable 
earth. Hence may appear the reaſon. why 
iron is found upon burning plants to aſhes ; 
its earth uniting with any inflammable ſub- 
ſtance in the fire, ſo as to generate iron. 
What relation has iron to brimſtone and 
antimony ? 1 
What are the relations betwixt iron and 


? 
5 I there wot « {mall proportion of coppes in 


iron? 
What relation has iron to the poiſonous part 
enn 
hat is why al- 
ble iron has not hitherto been made with 
pit-coal ? 6 . 
Does not iron contain an actual 1 
matter, or bitumen, in the nature of fewel ? 
and is not this bitumen communicable to other 
metals, minerals, &c. , e 
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Tin, its cha- 


Affinity te fil- 


raters. 
Levity. 1. Tin is (1) the lighteſt of all metals. | 
Compoſition. - (2) The leaſt ſimple of metals; being brought by a ſmall degree of fire ts 
i emit ſulphurous flames, which are eaſily ſeparable from the metalline part, 
and almoſt combuſtible () ® 
a Volatility, (3) Hence leſs fixed in the fire than any of the other metals. 
| Du#ility (4) It is ſoft, flexible, malleable, and may be drawn into wire, but not ſo 
| ; well as the former; neither is it very ſonorous, or elaſtic (g). 42 
= Fufebility. (5) It melts more eafily than any of the other metals, long before it ignites, 2 
= 2 a degree of heat little greater than that of boiling water: it readily 
| | ens again in the cold. —_ 
Diffelution. (6) When crude, or accompanied with its adhering ſulphur, it diſſolves on 
in aqua regia ; but when purified of its ſulphur, by calcination, it diflolves 
even in 1 * and requires only a ſmall proportion of that ſolvent (). 1 
Endures trad, (7) It fo far endures lead and antimony in the refiners teſt, as hardly to be 
Ke. le therefrom, without the aſſiſtance of copper. | E - 


(8) In many of its properties it approaches to filver (i). 


What are the ſeveral ways of making arti- 
ficial iron, and. upon what principle do they 
? B 


(F) Of all metals it is the leaſt fix d in the 
fire, and affords the greateſt quantity of ſul- 
phurous fumes; conſequently loſes moſt weight 
in the fire.” The fame thus emitted ſeems to 
be the fulphur of the metal ; which is per- 
nicious to the Tangs ; as thoſe-who are em- 
ployed in melting tin find to their coſt ; it 
uſually giving them a pale, ghaſtly complex- 
Ton, and throwing them into a phtiſis. 
nt) Tho” it be very little ſonorous, or the 

of any metal, t lead ; yet when 
mixed with other bodies it may augment their 
ſound ; as in the compoſition of bell-metal : 
and ſo tho” it be butlittle elaſtic in it ſelf; yet 


when mixed with other elaſtic bodies, it may 


encreafe their elaſticity. 

A body, Mr. Beylr obſerves, by being aſ- 
ſociated with another, may have new proper- 
ties and uſes, and ſome of them quite diffe- 
rent 88 had ove] —_—— 
more ma ing conjoined,. ma ua- 
lifed into a third, by virtue of freſh — — 

accruing to the compoſition. As tin 
is flexible and yields but a ſound, who 
would dream that one confiderable uſe of it 
ſhould be to a leſs yielding and better 
2 metal, more ſtrong and ſonorous 7 
Yer bell: metal is priheipally compoſed of tin 
and copper 177. 
Acids do not diſſolve it without great 
difficulty, eſpecially the more powerful ones. 


gee the French memeirs and Stabl. 


ſilver; for as it is, the two metals have ſe- 


+ See Beyle Abr. Vol. I. p. 147. 


2. 
The reaſon hereof is apparently its aboundi 
with ſulphur; which acids do not —_ 
Add, that it diſſolves in agua regia; ſcarcely 
in aqua fortis ; which is a circumſtance re- 
— e enough, conſidering the near al- 
liance it has with ſilver. Again, the weaker 
the acid merſiruum is, the ſooner and the 
eaſier it works its end;; and the ſtronger, the 
more ſlowly : thus, ſour apples and other un- 
ripe fruits, being boiled in tin-veſſels, will 
row ſweetiſh ; but the ſtrongeſt acids, boiled 
in the ſame veſſels make no ſolution at al. 
But tin, freed by calcination of its ſulphur, 
diſſolves in all acids; and is reducible thereby 
into vitriolic cryſtals. This ſolution is little 
ctiſed by reaſon of the difficulty attendi 
it ; for the tin muſt be firſt thoroughly cal 
cined, before a ſolution is attempted; and the 
calcination requires a continual fire for three 
days; after which the calx is diſſoluble in 


| fe&ly purges 


common 
out of tin, tis likely it might approach to 


(i) If the ſulphur could be 


veral properties in common. Thus, when 
diflolved in ſt acids, 1 bitter, a 
well as leer: anf when it is fuſed along with 
filver, it adheres ſo obſtinately thereto, that 
there is ſcarce any ſeparating them. Add, 
that under ſuch circumſtances it reſiſts lead, 
almoſt as much as the-filver does. And hence 
many account it an imperfe&. ſpecies of that 


le may admit of ſome doubt, whether ti 
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2. It is found in a very heavy ore ; tho? itſelf be light; uſually in a brown D in + 
e iel to Nees wie a black ſmooth ſhining one, which is the 0% FRO 
W richeſt kind; ſometimes: like ron-ſtone, and ſometimes it is alſo found in 4 | 
heavy porous ſtone (). „ enen, ©, 4 * 

= The metal is procured by roaſting, grinding, waſhing, then melting the Separation. 
ore, and thus ſeparating the Scoria _ ; Duet ü K 3 


2 : a > 51 - 
RE bears theſe reſemblances to ſilver, in virtue culty, Tin and lead readily mix, and unit® 
= of ics being tin, or only in virtue af the par- with each other by a gentle fire; but, if the 
EE ticles of filver mixed therewith. Tis certain heat be intenſe, there ariſes a colluctation he- 
more of theſe reſemblances, and thoſe in a tween them; the effect of which is that both 
W greater degree, are found in ſome ſpecies of fall into a calx; and that the lead becomes ex- 
tin than others. Mr. Boyle mentions a gentle- ceeding difficult, afterwards, to fuſe and vi · 
man, who having procured a good quantity 2 Add, that tin is eaſy to be revivi- 
of the nobler metals from ſome e 3 but lead, not without difficulty : nor 
== digeſted in lixiviate liquors, deſired Mr. Bee is the reſtauration an thing compleat ; or 
do purchaſe him a large quantity thereof; in the new body in reſpects like the old 
full expectation of raifing an eſtate. But, ſays one. : by n 
RE Mr. Boy/e, after his firſt flock of ore was bY Tin-orejs principally found in Cornwall, 
= ſpent ; the next that he procuted, tho” ma- and Devonfbire, from whence all the reſt of 
= maged with the ſame care as the former, Europe is ſupplied with this metal. Tis ſo 
proved wholly unprofitable *. much the peculiar produce of this country, 
The ſame author relates, that having diſ- that Cambden ſuppoſes it to have given the 
ſolved ſome block-tin, (for ſo the workmen denomination Brilain to the iſland. 
call that which is pure and unwrought) in a Hiſtory of tin-ore. ' 
particular menſfruum, which kept it ſuſpended; (7) The ſtones from which tin is wrought, 
and having afterwards evaporated the ſolution, Dr. Merrez tells us, are uſually found be- 
and ſet it to ſhoot 3 he found, to his ſurprize, twixt two walls of iron-coloured rocks,” of 
that the cryſtals it afforded were not all like little or no affinity with the tin; in a vein be- 
its own kind of vitriol, but broad, flat, and  twixt: four and eighteen inches broad: tho” 
thin like thoſe of filver: upon examining inſtead of ſtones, they ſometimes alſo find it 
them farther by the tongue, they had nothing mixed with a ſmall gravelly earth, generally 5 
of the taſte of calx of tin made in ſpirit of vi- of a red colour, but ſometimes white. From. 
negar z but that exceſſive bitterneſs we meet this earth, the tin is eaſily ſeparated by bare . 
with in the cryſtals of filver made by a waſhing ; which is called Prian tin, and is 
fortis. He adds this further reſemblance ſcarce half the value of the former. n 
twixt the ſalts of theſe two metals, that both In the tin-ore is frequently found a hard 
of them preſently tinged the nails and ſkin with glittering ſulphurous ſubſtance, called Mundic, 
| black that would noteafily waſh off; whence or Maxy, which is commonly ſuppoſed to feed 
he might have ſuſpected that the menſtruum the metal; yet where the Mundic abounds, 
had exalted the metal into an affinity with fil- they rarely find much tin. This Manic is to 
ver, had he not afterwards proſecuted the be carefully ſeparated ; for if there be the leaſt 
ſame trial with the ſame mean/iruum, and an- of it left, in melting the tin, it makes it 
other parcel of block- tin; and found, that brittle and cruddy, and diminiſhes much of 
tho* this metal was bought at the ſame place, its ductility. | s 
and very ſoon after the other, yet the former There alſo occurs a ſort of ſpar, of aſhin- 
ſucceſs was owing to his having lighted of a ing whitiſh ſubſtance, ſoft fattiſh at firſt, 
lump of tin that was of a peculiar nature +. but ſoon after becomes ſomewhat harder : it 
Some authors ſpeak much of the analogy ſeldom grows, but only ſticks to the metal. 
between tin and lead ; and will have tin to Some of the miners account this the mother, 
lead, only under a leſs degree of coction: or nouriſher of the metal. The beſt ore is 
but if there be ſome circumſtances wherein that in N and next to this, that which 
they correſpond, they differ in others. Legd has bright ſpar in it. 
for inſtance, is eaſily reduced to a calx ; and The ore being dug, they break the greater 
tin more eaſily till: but the calx of lead rea - ſtones, and thus carry it to the ſtamping or 
dily melts, and runs into a browniſh glaſs ; ocking-mill, where it is pounded with 
whereas tin does not vitrify without much diffi- large lifters headed with iron, 30 or 40 pound 
* See Boyle Abr. Vol. I. p. 1986. de Boſe Abr. Vol. I. p. 1 56, r57. * 
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The Theory of CZUuIsT AV. 
It is found plentifully in Great Britain, and of the beſt kind; inſomuch 
that Bochart hence derives the name Britannia, which he ſuppoſes formed 
from the Syriac, Barat Anac, that is, field of tin. From this hiſtory of me- 


tals we deduce the following corollaries. 


a- piece ; and thus reduced into a ſmall ſand, 
to be waſhed out by. a ſtream of water, diſ- 
charged into it from a cock, thro' a braſs 
grateinto a Lawnder, or trench dug in the floor; 
out of which the water eſcapes, carrying with 
not metalline, which they call the 


it the 
„and leaving the other at bottom. 


cnn 
o clear away the Mundic, they dry, or 


burn the ore, thus ſeparated, in a kiln, upon 
iron plates ; keeping the matter conſtantly 


5 ſtirring, that all the mundic may by degrees 


t uppermoſt, and ſo be burnt away ; which 
Sy ſcover by the flames growing yellow, 


COROL. 


ceed A it again, very ſine, in — — 
mill: which they waſh it ; then dry ita 
little ; and at laſt, carry it, thus prepar'd, to 
the furnace, which they call a 5/owing-houſe ; 
and there melt and caft it. 43 

When it runs out of the furnace, there 
ſwims on it a droſs or ſcum, like that of iron 
which being melted down with freſh orr, 
runs into metal. 

The Cauſalty th 
banks, which, in fi 
fetch over again 


throw in heaps 
or ſeven years, 


Apvitions to the Article Tin. 


The ore of tin is commonly a black, 9 
derous, ſtony ſubſtance ; appearing like b 
ſtones : but ſome _tin-ſtones are yellow, and 
others white. me are brittle, and others 
extremely hard; ſo as to require being broke 
before calcination, 

Various matters are fourd mixed with tin- 
ore, but particularly Mundic, called the mo- 
ther of tin ; being of the arſenical tribe ; and 
when expoſed to the fire, chiefly going off in 
fume. It is alſo frequently mixed with an 


irony ſubſtance, that makes it very difficult 


to melt. Lis very remarkable that ſome tin- 
ore is ſpecifically heavier than the metal it 


yields 

Hie ſeparated its ore. 

In Cornmwal, the ore is firſt ſeparated from 
the uſeleſs barren earth, or tone, then roaſted, 
beat and waſhed, to leave only the more me- 
tallic art behind ; which is afterwards ground 
and waſh'd again; when being dried tis com- 
mitted to the Turnace, mix'd with charcoal, 
and melted by a ſtrong fire, blown with bel- 
lows. The melted tin thus runs to the bot- 


tom of the furnace; where being 
open d, it is drawn off into den tgp. of give 


it the form of blocks. 


Its medicinal virtues. 

Tin is ſeldom uſed internally; tho? its vir- 
tues ate highly extoll'd by ſome ; but we fear 
upon no juſt grounds; and particularly in dif- 
caſes of the head, the lungs and wterus, the 
falling-fickneſs, and the bite of a mad dog. 
It has been taken in Erude filings to the quan- 


tity of twenty grains, or more, every ay, 


for ſome time, without harm. 


* Phil. Tras/. Ne. 69. p. 2096. and No. 138. p. 948. - 


Its uſes. [ 
- Beſides the utenſils and veſſels made of this 
metal, it ſerves to preſerve iron and xk 3 
for being extremely eaſy to melt, and by 


means of any unctuous matter, adhering | 2 


to them ; hence has ed the 
It likewiſe ſerves in ſolder:, 
Amalgamated with mercury, it ſerves for the 
foiling of looking-glaſſes, c. By calcina- 
tion it makes putty ; which is of great uſe in 
the poliſhing of gems, and the making of 
enamels. It is a im oe ingredient in pew- 
ter, as well as bell- metal. It mixes well witk 
zink and regulus of antimony, and thus be- 
comes whiter and harder ; 


but too much re. 
gulus makes it brittle. ' 
Hints for its alchemical hiflory. 
Being expoſed on a tile to the ws of 1 
— glaſs, it ſends off a thick groſs fume in 


preat enty ; leaving a fine light white calt 
ind ; which being continued longer in the 
focus turns to thin tranſparent plaſty ſtrings; 
that melt no more without the addition of a! 
unctuous ſubſtance, or charcoal; whereby l 
returns to tin. It rates with nitre; 
hence, perhaps, this metal confiſts of a co. 

ous ſulphur, or particular bitumen, and 3 

Sue earch; — 4. on account of Its 

iſonous ity, with a minute tion 
of an arſenic) Al. A 

Why does it render other metals brittle, 
even in the form of fume? and why is it © 
difficult to ſeparate it from them ? 

What would long digeſtion do, towar® 
ripening it into filver ? and what previous ope 
rations would it require ? | 

APPENDIX 


cloſel 
art of tinning. 


\ 


The Theory of CHEMISTRY, 


APPENDIX TO THE HISTORY OF METALS. 


1. We have now thro? the firſt claſs of 
vis. metals and what we have here 
done may ſerve as a ſpecimen in what manner 
phyſical things are to be treated : * ſup- 
poling any previous hypotheſis, and deducing 
ir nature therefrom ; but by laying down 
their ſeveral apparent properties. But this 
part will be reckoned incompleat without the 
alchemical doctrine of metals. | 
2. That which diſtinguiſhes metals from 
all other bodies, as — * from — other, 
is their degree of weight ; for every is 
found — 4 peculiar weight, which de- 
pends, as Helmont, and the chemiſts expreſs it, 
on the anatic homogeneity of the parts. 
Now, the latter philoſophers have 


that all corporeal magnitude has juſt ſo much | 


_ as weight: and therefore if you have 
found the weight of any metal, you have at 
the ſame time found its corporeity. Sir 1/aac 
Newton, in treating of gravity, and M. 
gens of the pendulum, 
quantity of matter are correſpondent. 
* Metals appear to be ſimple, and yet are 
ly. compounds; their com ponent princt- 
ples, according to the ancients, are /a/pher, 
and mercury; to which ſome of the moderns 
have added /a/t ; tho* perhaps ſalt is no proper 
conſtituent part of metals; but rather ſome» 
thing external adhering to them ; and which 
makes no part of their metallinecompoſition. 

In the analyſis of metals, we meet with 
mercury, a ſulphurous matter, an earth 
„matter, and in ſome a faline matter *. 
But this is chiefly to be underſtood of the im- 
perfect metals; or of perſect ones not in their 
utmoſt purity ; thoꝰ the burning · glaſs we have 
already obſerved, ſeparates a vitrifiable earth, 
even from the moſt perſect of all. 

All metals then conſiſt of two kinds — ages 
or principles, vis... mercury, as the or 
matter ; and ſuſpbhur, as the binder or cement: 
the firſt, the ſubſtratum, or metalline matter ; 
the ſecond, that which renders it fix'd and 
malleable. 

This mercury is ſuppoſed to be the ſame with 
quickfilver, only more pure and clear of any 
of thoſe heterogencous matters, wherewith the 
common quickſilver is mixed: as to the /- 
Pur, it is not the vulgar ſoſſil ſulphur, but a 
peculiar fort of matter ſpecifically denomi- 
nated /u/phur of metals, and ſaid by ſome of 
our lateſt and beſt chemiſts, particularly M. 
Homberg, to be light, or fire. This bei 
united with the mercury, fixes it; —— 


* Homberg. Mem. de Þ Acad. an. 1102. 


that weight and- 


ing to the different of union and cohe- 
rence therewith, produces different metals 

This doctrine of the compoſition of metals, 
is confirmed by an experiment of the ſame M. 
Homberg, who after having retained mercury 
a long time in a moderate fire, thence ob- 
tained gold out of it which was not in the mer- 
cury before. From , whence he infers, that 
gold conſiſts of a ſulphurous or igneous part ; 
and a heavy, mercurial part fixed thereby : 
and that by only —_— away the —— 
or fiery part of the gold, it is red to run- 
ning mercury. | 

There are two ways of effefting this, uz. 
either by the revivifying ſalts of — or 

mercury. That by mercury, 

ares us, is eaſy ; fiace mercury being purg 

of all heter matters, becomes a men- 


ſtruum that diſſolves gold, by attracting, and 
w 


melting the ſulphur | 
— The like is done by thoſe ſalts, which, 
m their effect, are denominated revivifying, 
viz. by rating the metals, and abſorbi 
the faxed parts ; w they reſuſcitate 
into their principles. | '1 N 
If it be 1 if it only; conſiſt of 
the above mentio principles, ſhould be 
heavier than mercury ? the anſwer is, that the 
particles of fire, or light, which Mr. Beyle, 
and M. Homberg demonſtrate to be heavy, 
coming to iuſinuate themſelves into the | pores 
wag — « and there fixing 3 increaſe its 
c gravity. u 3; 12570 81. 3aq-2:16 
i Fler, according to the ſame, M. Han berg: 
differs from gold in nothing but this, that the 
globules of its mercury are not ſo much pe- 
netrated, nor ſo thoroughly ſaturated with 
the ſulphurous principle or fire; a; lefs quan- 
tity of which being Jodg'd in the potes of fil 
ver, than of gold, leaves it ſhort in point of 
gravity, &c. and does not diſcolour it. 
Accordingly, proceeding on this ſuppoſi- 
tion, he found that he could produce gold, 
by introducing a large quantity of fire, or of 


the rays of light into filver. And hence he 


thinks it appears, that gold ſhould be longer 
in forming than filyer ; — that all gold Nos 
firſt ſilver +. 

4. All metals, tis ſaid, muſt firſt be mer- 
cury, before they become gold or ſilver; and 
that the thing ſuperadded to the common 
mercury, whereby it is prevented from be- 
comin gold, is a volatile body; which, when 
heat corroſive, and emits fumes. 
This doctrine has been ſufficiently laugh'd — 


+ Mem. d. Þ Arad. an. 1709. 
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you muſt firſt ca 
diate weights of 


and exploded by many philoſophers, ignorant 
of the nature v — 4 | * Ara 
In effect, what is here advanc'd ſeems the 
reſult of numerous experiments; nor does it 
appear, in any reſpect, inconſiſtent with rea- 
ſon: it muſt be admitted therefore, that mer- 
cury may be the matter of all metals; that 
as this is more or -leſs pure, the metal is 


more or leſs ponderous; that there is no 


Hon matter fo clear and ſtrong, as what 
deriv'd from weight; and that the ſpecific 
nature-of a metal is known thereby. on 

Hence the more knowing among the al- 


; chemiſts maintain, that, i = would con- 
t 


vert, for inſtance, a piece of tin into gold, 
it thro' all the interme · 
e other metals, that is, 
it muſt firſt be the weight of iron, then of 
9 „then ſilver, then mercury, and at 


. td.” ; 


On this principle, whoever would make 
gold out of any other foreign matter, muſt 
© remember, that the more his matter comes 
* ſhort of mercury in weight, &c. the leſs 
pol it will male; that if quickſilver could 
< be raiſed to the weight of gold, it would 
* be gold ; that the matter which tes, 
« or fixes this mercury into gold, We, is 
« ſubtile ; and as quickſilver held over the 
« fumes of lead, is readily fix'd, it appears 
that a very little fixing matter ſuffices ; that 
if mercury, coagulated by ſulphur, have 
* any impurities therein, it lighter, 
and leſs than quiekfilver:;- that na- 
ture in ſome caſes is able to make gold, 
© but not in others; and where ſhe is unable 


* to do this, there ariſes a leſs noble metal; 


<* and that if the ſulphur be not ſtrictly ho- 
oy „chere will ariſe a till more im- 
40 metal. - 

5. If this doctrine be true, metals appear 
tranſmutable into one another. For if mer- 
| nnn *% bog * 
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The Theory of CuxUrs Tr. 


be the common matter of all metals; 


and rf all the difference lie in the fixing mat- 


ter, which, as tis more or leſs ſubtile and 
pure, conſtitutes this or that metal ; tis not 
improbable they ſhould be converted, by a 
purer fixing ſulphur's taking place of a .cor- 
rofive one, into a more perfect metal. 
6. The pureſt metals are {aid to reſult from 
the mercury, join'd with the ſubtileſt 
falphur; bence the mercury of gold is hea- 
vier than the common mercury, which has 
always ſome impure part that is lighter than 
d: and could that be taken away, and the 
ing matter added, it would become gold. 
7. The imperſect metals are ſaid to conſiſt 
of impure mercury, and imperfe& ſulphur; 


each containi me other heter 
matter in. ft. They farther aſſert, 7 rpc 
ture ſublimes mercury in the earth, by heat; 
which ſublimation is repeated again and a- 
gain, till every thing impure and heteroge- 
neous be carried off, and what is pure 
fix'd behind. This is the ſubſtance of the 
I Ge 
t by other philoſopbers. 
L 
ig ; that ſuch as have curioſity 
to make any experiments in this kind, may 
have ſome laws, marks, or aims, whereby 
2 — direct themſelves ; and that 
ſuch as might be in danger of being impoſed 
on by fraudulent alchemiſts, may be furniſhed 
with means to diſcover the deceit. 

This doctrine of tranſmutation may be of 
ſervice to the beginners in chemiſtry 5 who, 
by a fatality, have an al univer- 
fal itch aſter the philoſopher's ſtone, and the 
—— of gold. Inſtances of vain people, 
reduced from plentiful fortunes to the loweſt 
— by their own conceits, or the empty 

of deſigning alchemiſts, fall under 
moſt people's /obſervation, 
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=_—_ COROLLARIES daun from the preceding Hiſtory of Mz Ta Ls. — 
bs, 1. That metals differ abſolutely from all other natural or artificial bodies, ien of metals. 
WE hitherto diſcovered ; fince the lighteſt metal is more than double the weight eight the 
of the heavieſt non-metalline bodpQm). | po x „ 
28. They therefore are greatly miſtaken, who expect 2 converſion of Difficulty e, 
XX ſubſtance to make metals out of bodies non-metalline ; ſince condenſation is making me- 
the moſt difficult of all operations; and weight being the index of corporeal 7a/.. 
quantity, it requires ſomething like a creative power to increaſe it (n). 

3. True metals do not diſcover the intimate affinity of their matter, by any Afri of 
thing more evidently than by their reſemblance in point of weight metal 

4. Nothing therefore reſembles gold mote nearly than quickſilver ; with!“ 
regard to the matter in both. For the other principle, which- gives each of 
them their particular form, we do not here inquire into it; tho” it ſhould hence 
appear to be vaſtly different. | £ 40 Pr) | 

5. The other properties of metals, as fixity, colour, malleability and ſim- p,oper2ies, 
plicity, may probably be produced, and changed with more eaſe than their — 3 
weight. 5 , 

& Gold therefore confiſts of a moſt pure, ſimple matter, like fixed Gold, of what 
by another pure, fimple, ſubtile principle,” diffuſed thro“ its minuteſt parts, conpeſt. 
and intimately uniting them to one another, and to it ſelf. This the che- 
miſts mean when they ſay it conſiſts of mercury and ſulphur. - 

7. The other metals conſiſt of the ſame principles, but together therewith 2 
have another lighter matter intermixed, which is different in the different 4 of 2uhap 
metals, and is called earth. Conſequently theſe are compoſed of three mat- 14 
ters z to which in ſome may be added crude fulphur. 

AF 8. The different metals therefore are reſolvable into different elements, both , # 
n reſpect of nature, and number. metals. 

9. This reſolution may be effected by means of mercury, regenerating ſalts, ,,,,4, ,- 
or fire; but differently according to the different metals (o wind as 
4 10. It is a miſtake therefore to ſay, that metals may be eaſily converted an- 
Into one another; excepting with regard to the mercurial parts, and by firſt tor gf metakk. 
utterly deſtroying their form 3 and conſequently the quantity of gold procured 
from any other metal, by tranſmutation, can only be in proportion to the 
quantity of mercury it before contained ( et vy i 


. | IT. 
(m) And yet ſome marcaſites are as pon- from our ignorance of facts and experiments. 
us as ſome ores, and ſome tin-ore more | (s) Perhaps the ſhorteſt way is that by 
ponderous than the metal it yields. means of the burning lens; in the focus Where 
(r) The inſtances where this 9 or of, if a metal be expoſed, what evaporates. 
| We ſeems. to happen, upon mixture or otherwiſe, from it in fame might be cateh d in water or 
, 5 ſhould however be carefully collected and other fluids, to ſee if the fume would thus 
conſidered; as in the mixture of oil of vitriol condenſe into mercury f. 
and water; copper and tin, c. It may (þ) The alchemiſts pretend by their opera- 
be of pernicious conſequenge in natural phi- tions to heighten the virtue of the mercurial 
loſophy, to draw. concluſions not fully fap- matter; or — it to ſuch a degree of ſub- 
ported by the premiſes ; and a very unſafe tilty and activity, as is no where found in na» 
way to draw arguments againſt poſſibilities ture, without the aſſiſtance of art: 1 of 


| Sec Dr. Hood's poſthumous works.. 4 See the French Memeirs,, Mr, Bayley Becher, and Stats. 


Prefervative © 


* 


that if the atmoſphere were hot enough to fuſe it, it would be mercury; but 
— 0 that lead would alſo be mercury 8 

with the next degree of heat, but mercury with certain peculiar properties of 
frothing and penetrating veſlels : fo filver and gold are mercury, which requir: 
in s _ 

mercury which melts in a much intenſer heat, but is changed withal. Laftly, 
iron becomes mercury in a degree of heat beyond any of the reſt; and tho“ 


Salis called 
concrete juices. 
Charateri- - 
ic of ſalts. 


| the wei ht of gold, or the fixity of go 
By ches i 


„ r and 
the ſphericity of their drops, the attraction of their | 
Hence therefore it ſeems to follow, that mercury is a 


* 


1220 


Id and filver, to any other bodies, 


'd againſt all frauds, . 


two marks we may be 


13. All the fix metals w 


manner of runni 


metal fuſed by the ſmalleſt fire; that tin requires a degree of fire; and 


ater 


mercury which ſmoaks and caſts up a 


a much greater degree of fire, and remain immutable therein. Copper aga 


changeable thereby (). 
| Of SALTS. 


1, After metals come ſalts, by others called concrete juices, as being very 
fimple and contributing to the compoſition of ſemi-metals and other minerals. 
2. By falt we here mean * a foſſil body which melts both in fire and water; 
de and is ſo fimple in its ſtructure, that each particle retains the ſame natur 
with the whole, and impreſſes a ſenſe of rate on the tongue (7), 


to this difficult and extenſive 
ſubject; which being duly digeſted, ranged, 
and compared together, the true conſequence: 
will ſpontaneouſly ariſe of themſelves:; but if 


This laſt corollary tends to ſhew that 
all the metals are mercury, and that common 
agg is a metal. How juſtly it is drawn 

om the premiſes deſerves to be examin'd. 


cured, relati | 
n 


| plauſible reaſonings, 

and ſpurious, factitious metals. Add, that malleability is likewiſe generally 
wanting in theſe pretended perfect metals. Y 
* fuſed by fire, in clean veſſels, have the ſame 


ly-reſemble mercury, both in reſpe& of colour, denſity, 1 
rts, their mobility, and 


Perhaps we have hitherto no tolerable hiſtory 
of metals, to enable us to draw ſafe conclu- 
frons about their nature. For notwithſtanding 
the numerous 2 hitherto made upon 
metals by the alchemiſts, the chemiſts, and na- 
Fro! <p $009.97 meny yet whoever conſiders the 
ſubje&t attentively, will find we have but a 
very uncertain knowledge of their reſpeCtive 
compoſitions, and relations : ſo that till far- 
ther enquiry is made, we can encourage no 


Philoſopher to attempt the drawing of conſe- 
quences 3 which, however ſpecious they ap- 
pear, may, if faulty, tend to lead us into 
error, ſtop enquir ', cramp our faculties, and 
propagate untimely deſpair, — Let a full 

and judicioas hiſtory of 


be therefore pro- 


we attempt to force them before the time, ! 
will be no wonder if they ſhould prove 2 
bortive. 

(r) After metals, the next bodies in orde! 
of ſimplicity, are /a/ts : the definition where 
3 Wy 

alt is à fo 5 fu „ and (Mr 
gelable pe dye the dp into 2 glebes, . 
cryſtals; foluble in water, fo. as to diſap}t® 
therein, and impreſſing a ſenſation of acrim) 


the t g 
Tuck is the preciſe idea of a /alt ; which a 
grees to all kinds. of ſalts ; and by which 
t is diſtinguiſh'd from all other foſſil, v*g* 


3. The natural bodies 
into /al gemmæ or 


3. Borax. 4. Salammomiac. 


= - 
* * * Fo 


pits or mines in divers 
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2. Spri 


nearly reſembles ſea · ſalt. 
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cation (5). 


a2 Natural biflory of rock-ſalt. 
_- ( Salgemme, — 1M Jo roet-/alt, 
aug out of mountains, and broke into glebes 
Xo: 25 The fineft in Furope is in a moun- 
—_—:i of Catalonia, not far from Barcelona; 
but there is ſcarce any of the earth with- 
out it: in Poland, Ruſha, &c. there ate ſeve- 
ral mountains thereof. 
This ſalt appears to have been unknown to 
che ancients. P/ixy, indeed, gives us ſome 
curious things about ſalts ; if we could believe 
them as true as they are pretty. | 
The ſalt-mines in the village Viliaca, five 
lcagues from Cracow, were firſt diſcover'd in 
12813 their depth, and ca ty, are ſur- 
a kind of ſub- 


prizing: within them is fo 
erraneous blic, which has its polity, laws, 
amilies, even high-ways, and common 
carriers ; horſes and other cattle being kept 
here to — the ** dag ere © 
quarry, where it is taken u ines. 
A eſe horſes, when once they are 2 
ee the day-light more; but the men take 
cquent occaſions of breathing the village air. 
4 — — a — is — at the bottom of 
” 4 r „where ſo many people are 
aterr'd alive, and where fo many are even 
porn, and have never ſtirr'd out, he is ſur- 
prized with a long ſeries of lofty vaults, ſuſ- 
ain'd by huge pilaſters cut with the chiſſel ; 
+ which being themſelves rock-ſalt, appear 


aritly burning,) as ſo many cryſtals, or 


7 f various colours, caſting a luſtre which the 

„ eye can ſcarce bear. | 

any Theſe rocks offalt are hewn in form of very 
arge cylinders ; the workmen uſing hammers 

* and chiffels, as in our ſtone- quarries. As ſoon 

a RE dche maffive pieces are got out of the quarry, 


Wy the light of flambeaux, (which are inceſ- 


dey break them into fragments fit to be thrown 


The Theory of Cans Thy. 
belonging to this claſs are, 1. Common ſalt, divided Species of 

rock-ſalt, that of ſalt-ſprings, and fea-falt. 2. Salt · petre. fats. 
5. Alum ; and 6. the vague acid of mines. 


1. ff COMMON SALT. 


1. Foſiil or rock-falt, whoſe pureſt part they call fa/ germ, is found int Reel. al. 
parts of the earth, very plentifully, and at great 
depths z and it is dug from thence in all its perfeckion. 

ing, or fountain-ſakt, is found mixed i ch bu 
ont of the ground in divers placesz and which when purified and inſpiſſa 


te | 
into the mill, where they are ground into a. 
coarſe flower. | £75008 

Here are two kinds of /a/ gemme, the one 
harder and more tranſparent, which appeats 
to be the more perfectly cryſtallized. This 
is the proper /a/ gemme, and is frequently 
cut like cry and form'd into toys, chap- 
lets, little vaſes, Se. The other is leis com- 
paR, and only fit for kitchen uſes. 'One of 
the chief wonders of the place is, that thro” 
theſe mountains of ſalt, and along the very 
middle of the mine, there row a tivulet of 
freſh water, ſufficient to ſupply the- inha- 
bitants. | | , 

In the falt-mines of the Upper Hungary, 
and the mountains of Cardonna in Catalonia, 
the ſalt-ſtone is ſound of various colours ; as 
white, 1 way 2 brilliant, * _ 

aturat hiflory of ſpring-ſalt. 

The ſalt ext bea Pralit ſprings, 
ſeems either to ariſe from the ſalt water o 
the ſea; receiv'd thro? ſubterraneous cavities, | 
and depoſited there z or from ſome mineral, or 
gem t, lodg'd in the frata of ſome neigh- - 

uring mountains, waſh'd: down by ſome ri- 
vulet of water, and 2 here. The way 
of ing it, is thus: 6 


ear the ſpring is built a ſallern, or dolling 
houſe, furniſhed Sth ſeveral large flat E 
with each its grate and furnace. Into Theſe 
the brine is convey'd by pipes, the fire kin- 
dled, and in two hours time the liquor begins 
to ulate, which is known b Veh Ein 
g at the top, which they ſtim off into 
brine-tubs. The ſand, which the water yields 
pretty plentifully, is by the violence of the 

iling caſt to the fides ; where they lade it 
out into veſſels for that prunes th this 
ſand and the ſcum contain which they 
* 33 
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\ 


in the water, which bubbles Sa/t 
ted ſprings. 


3. Sea-ſalt is diffuſed thro? all the waters of the ocean, and from thence Segal. 
may be ſeparated, and reduced to cryſtals, merely by exhalation and purifi- 
Nh 


| 
| 
' 
N 
} 
| 
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. eſe ſalts. 


The Theory of CnnuisTay. 


4. Theſe three ſpecies tho different in their origin, are all of the ſame m- 
ture: 1. they all diſſolve with the ſame quantity of water, diz. three and 
a quarter of their on weight; 2. reſolve ſpontaneouſly in the air; 
3. produce cryſtals much alike, viz. cubical, pyramidal, or parallelopipe- 

, by a quicker or a ſlower operation; 4. if added to aqua fortis, they 
enable it to diſſolve gold; 5. by diſtillation. they yield an acid ſpirit of 


The ſand being removed, they ſhut up the 
vent holes and 


r, and let the fire go out; 
and in twelve hours time the ſalt is precipi- 
tated to the bottom, where it grows hard; 
a liquor called bittern remaining at top; which 
being boil'd over again yiclds more ſalt 
To make the ſalt precipitate more readily, 
they frequently uſe bect-ſuet and wine-lees, 
of each an equal quantity; melting them to- 
r, and putting an ounce of the mixture 
on the end of the lice, and turning it round in 
the liquor till it be all diffoly'd : then, after 
two hours at moſt, opening the vent-holes, 
Ec. and quickening the fire, they lade away 
the liquor ; and find the ſalt lying at the 


ELD}, king it oat, they pat it into cribs 
aſtly, taki ont, they put it into cribs, 
like Sao, where, after eight hours 
draining, it b found a hard granulated ſalt: 


yet it continues dripping a __ longer ; 


and, unleſs it be frequently ſtirr 
rocky, | | 
Natural hiflory of ſea-ſalt. 
Sea. ſalli is thus called becauſe extracted from 


ſea-water ; being in every part of the ocean. 
and in every gulph communicating therewith : 


but in lakes, or other fa t waters it 1s 
ſcarce found at all. Tis this _ - the 
ocean that prevents its growing fetid, and pu- 
trifying by the heat of t fon; and yet, not- 
withſtanding all its ſaltneſs, the freſheſt fiſhes 
live and increaſe therein. It is found in great- 
eft abundance where the ſun's heat is the 


moſt intenſe ; and the leaſt in the coldeſt. 


This ſea· water being boil'd, ſcum'd, and 

ted to the conſiſtence of a brine, (which 

is prov'd by a new. laid 

in) is left to ſettle 3. when the falt falls to the 

bottom, and ſhoots to the ſides in cry ſtals of 
a cubical figure. | 


There are two kinds of 


it ; the one requiring the ſun's heat to bring 
it to a conſiſtence, and called, from its brown 


colour, bay ſalt ; the other receiving its con- 
ſiſtence from the heat of a fire, called aubit- 
ſalt either the one or the other method is 
practiſed, according to the diſpoſition of the 
coaſts where tis made. Tf they riſe in downs, 
or banks of ſand, the ſalt is made by fire, in 


's fwimming tbere- 


—.— r | freſh ftock ; and thus, alternately, while dhe 
rge quanti ſalt is made alon 
the — 3 of Frans. 5 


the. 


copper or leaden veſſels; if the bottom be 
clayey, the ſalt is made wholly by the action 
of the ſun. The marked of. proceeding in 
9 715 8 | 

r. For bay-falt. 3— ground, 
diſpoſed by nature for the reception of the 
ſea-water, when the tide ſwells, and provided 
_ _ — fluices to retain ſame, 
they ca marſhes. Theſe ſalt-marſhes, 
the — whereof they ram with great 
care, are divided into ſquare pits or baſons, 
ſeparated by little dikes ; aid into theſe ba- 
ſons, when the ſeaſon is at hand, they let in 
the ſea-water. The falt-ſeaſon is from the 
middle of to the end of Auguff. The 
water is admitted to the height of about 
fix inches ; after having firſt let it reſt, expoſed 
to the ſun for two or — days in large re- 
ſervoirs, without the works, that it may come 
in lukewarm. The water being admitted, 
the ſluices are ſhut, and the reſt of the work 
is left to wind and ſun. The ſurface of the 
water being ſtruck, and agitated with the di- 
rect rays of that luminary, thickens, at ft 
imperceptibly ; and becomts at length cover'd 
over with a ſlight cruſt ; which continuing to- 
harden, is wholly converted into ſalt. he 
water in this ſtate is fo hot, that the hand 
can't be put into it without ſcalding When 
the ſalt receiv'd its full coction, they 
break the cruſt with a 2 z upon which it 
ſinks to the bottom: whence, being dragg d 
out again, they leave it in heaps about the 
pit, to compleat its drying; covering it over 
with ſtraw or ruſhes, to ſecure it the 
rain. 

Eight, ten, or at moſt fifteen days, having 
thus compleated the cryſtallization, they 
open the fluices, when the tide riſes, for 2 


i 4 
4 F 7 
* 


ſeaſon 1 5 
e maki white ſea-ſalt. 

(2) White fa-fe On 14 ſhores.of 
Normandy, they gather a muddy ſand, which 
the riſing tide has impregnated with its wa- 
ters for ſeven or eight days. This ſand being 
removed into pits for the purpoſe, diſcharges 
itſelf By degrees of all its water; which fl 
trates thro' ſome ſtraw, wherewith the bot” 
tom of the pit is fd; and trickles into ve 
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yield a ſpirit, but only a little water. 
are altered by putrefaction. 


do not uſe ſea- ſalt, particularl 


of a fat alcaline earth, and air (x). 


ſels ſet on e to receive it. This water 
t ladle out into leaden boilers, with fires 
under them. As ſoon as it begins to boil, 
they take off the ſkin, which riſes in great 
pe and in proportion, as it diminiſhes, 


is form'd, 
is put into large ozier-baſkets ; where it ſtands 
ſome time to purify, and drain itſelf of its re- 
maining humidity : when dry, it is laid on 
„and thence carried to the magazines. 
al — — of reſining 2 
into white-/a/t, by boiling it in 

caldrons ; which not only ſefſens . 
mony, and alters its colour, but is alſo ſound 


haps in ene. 2 and dryneds. 


mY ww 11m Bi 


They have the on gold, which is 

not diſſolvable by any other ſalt without 

ths tk ting of Toirts of al, in keien 
rit t, in 

barren $, E ſeaſoning, pickling 


e. In reality, it ſeems probable that they 
ſame falt ; and that ſea · ſalt 


dei of all others 


— e 
rn 


trefaction 


figure, with herz 


doch in e 


| The Theory of Crus Tay. 
the ſame kind ; 6. when diſſolved in moiſt air, they depoſite a great quantity 
of earth, and leave an unctuous, ſharp, auſtere liquor behind ; 7. they all crackle 


in the fire; but melt by a ſtronger degree thereof; 8. remain long fixed therein; 
9. nor when pure an unmix'd are they at laſt changed ; nor do they thus 


10. Laftly, they afford no alcali; nor 


* 


2. 07 NIT R . | | 

1. Modern nitre, or ſalt· petre, which forms priſmaticcryſtals, of eight ſides, Sa/rprtre. 
s a ſort of ſemi-foſſil, procured from an acrimonious nitrous earth; it is fuſible 
by a moderate fire, evaporates its water with difficulty, is conſiderably fixed: 
when fuſed with any inflammable matter, it deflagrates; and diſſolves in fix 
times and one third of its own weight of water (7). 
2. This nitrous difpofition of earth and ſtones, owes i 
crements of animals, and the putrefied carcaſſes thereof, eſpecially ſuch as 
birds; 
waſh'd aſhes of burnt vegetables, and quicklime. 
being diluted with a large quantity of water, and ſtrained thro? ſand, ſhoots 
into theſe octogonal cryſtals. . According to Hoffman (u), nitre is generated 


P 2 3. 


with the acceſſion cf the natural un- 
The ſalt thus prepared, 


fire, and the human body: ſalt-petre loſes its 
nature in the body; ſal-ammoniac, borax, &c. 
ſhew no ſigns of themſelves in the ur ine; but 
ſea-ſalt may be always extracted from it ; fo 
that this muſt be allow'd an exceedingly ſunple 
and unchangeable body. 
The wirtues and uſes of common ſalt. 
Its power of preſerving animal ſubſtances 
uncorrupted is generally known; and for the 
—— „ . a e 
vegetables from putrefying in i- 
—— Phyſicians attribute Bae ens, 
to it 3 vis. checking the fermen- 
tation, reventing any to ,pu- 
of the — in the ſtomach. They 
likewiſe allow that it carries its virtues into 
the blood and. veſſels ; ſo as moderately to 


dry, warm, deterge, attenuate, ſtimulate, and 


prevent corruption of the ſolids and fluid. 

(% Salt-petre, or nitre, is known by. theſe 
characters. 1. Its cryſtals are of a.priſmatic 
baſes. 2. It diſſolves 
by fire more readily than any other ſalt. 3. It 
is the coldeſt of all ſalts, and affects the tongue 


ns: Feral 


ver. | 

(s) . de Ag. Min. Tom. II. p. Tbe 
author — ſays, that nay op a 
foſſil or mineral ſalt, but properly belongs to 


0 
the vegetable kingdom, and — here; 
whenes it comes to bt lodg'd in a fat alcaline 


. 
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ts origin to the ex- Origin of ity 
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Borax.. 


Tze Theory of CunitioT ay, 


* 8 8 / 
* 9 1 l 
3. Of BORA X. -. = 
1 . —4 

l 4 2 


' Borax, os Chryſocolls, which is of various figures, requires a 


large quantity Wl 


ef bojling water, viz. 20 times its weight, to diflolve it; its taſte s 


earth, as a proper receptacle; and” that it 
may be extracted from the air, by expoſing 
quick-lime, pot-aſh, or any alcaline ſalt or 
earth thereto, in a place well defended from 
the ſun and rain . 

| Natural hiſtory of nitre. 

(x) Ir is controverted among naturaliſts, 
whether ſa/t-petre be a foſſil, or an animal 
ſalt ; ſome holding it producible from the 
mere excrement of animals. But it is more 
juſt to ſay, that it js produced from thoſe ex- 
crements intermix d with the alcaline falts of 
vegetables, or alcaline earths, which ſeem to 
conſtitute it a ſalt of a middle kind between 
faſſil and animal. 

M. Homberg obſerves, that all the ſalt - petre 
we now have, is either obtain'd from earths 
moiſten'd, and manur'd with the excrements 
A z or from old walls, and the plai- 

of ruin'd buildings, im ted with the 


inhabited them. 
Salt - Petre is found in ſeveral 


in the 
—.— 
now 


| 
J 
10 


ſome time, 


ad an the ſale. They chen aft che 
into another pit; where, ſtanding ſome 
in ſhoots, and eryſtullines into rough falt- 
”" is ao made in France, 
the arfenal- at Paris, where 


Fi 


© Theſe materials, or any proper earth, be- 
| | taſte, or otherwiſe, .to contain 


„ 


wash d down the declivi 


See New Experiments and Obſervations uton Mineral Waters, p. 45: | 
See M. Lemery upon the Subject. Mem. de I Acad. an, 1717. F and 156. 
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they pour cold or hot water thereon, and ſlir 
the maſs, afterwards ſuffering the whole to 
reſt, till the water has ſaturated itſelf with = 
the ſalt; then they draw it off by a tap into 
another veſſel, and pour freſh water upon the 


remainder ; repeating the operation till no —_ 
more ſalt can be extracted. imes inſtead 
of water they uſe a lixivium of wood-aſhes 0 
pot-aſh, when they ſuſpect the nitre inclin d 


to volatility, or indifpoſed to aſſume a body. 
The ſeveral liquors, thus obtain'd, they boil 
to a due conſiſfſence, or ſtrength; with care 
to ſkim it all the while ; then they run it 
warm into other veſſels, and let it ſtand till 

rfectly cold; by which means the ſea · ſalt 

dots, and ſeparates from the nitrous ſolu- 
tion, and falls to the bottom in ſmall grains. 
And now the nitrous liquor being drawn of, 
they ſuffer it to ſhoot into its own cryſtals in 
the cold. After theſe are all ſhot, they draw 
off the liquor, and boil it again ;- then ſuffer 


till it will ſhoot ne longer. Ihe 
left behind is unctuous to the touch, acrid, 
and bitter. 


The manner 

This fait ſometimes offers itſelf ſponu- 
neouſſy, in the form of an efioreſcence, 
old walls, or buil — 2 
the ſun and rain; may- thus be — 
ſwept off, and purified ſor uſe. And m 
after the ſame manner it is found upon the 
ground, in ſome of the parts of the 
werld, abounding with | - 
deolivity ; where the leaves, and rf 
table matters, corrupting upon theſurface of 
earth, foem- to nitre; which berg 
by the rains, a 
the moiſture afterwards ſoak d into the groui 
or dried up by the fun, leaves the fa}t behin 
in ſmall dirty grains, or duſky fpangles, ths 
arcealily ſwept together in heaps . 


99 the Eaf. 
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The Theory CHEZMIST RAV. 
—_ ſomewhat bitteriſh, which however ſweetens at goi 
= fire, and at the ſame time riſes into a 


off; it eaſily fuſes by 
large bliſter, and thus lets go a con- 


ſiderable quantity of water: the remainder ſubſides in form of fair glaſs. It 
is a great promoter of the fuſion of other bodies mixed with it, and thus be- 


comes of uſe in the ſoldering of metals, eſpecially gold (y). 


The way of refining this ſalt is only to boil 
it in freſh water, Kim it, and paſs it through 
flannel, and ſuffer the — ſhoot _ 3 
repeating the operation times, if the 
nitre = required perfectly fine, and clear of 
common ſalt. There is a loſs upon the refi- 
ning; for earthy matter, and mother a 


to be ted every time. It is known 
2. 


it will not crackle if thrown 
into the fire, but yields a vivid flame, and a 
detonation live charcoal, without 


| leaving much fix'd matter behind When pu- 


rified nitre is melted, and- poured into a pro- 
per veſſel, it concretes into a ſolid maſs, and 
is call'd rock nitre: And this is all the pre- 
paration it requires for the finer uſes. 
Its virtues and uſes. 
Nitre has, in ſome meaſure, the 
tues and uſes with common ſalt, as 


—— ancient borax appears to have been 
« 


of verdigreaſe, or at leaſt a diſſerent withi 


thing from the modern bora ; as we 


find upon the accounts gi 
— — Galen 8 
——ͤö 2 - XXXii 
c 5. He divides borax into native and fac- 


4- 
refin'd. The h, or unrefin'd borax 
by the name . — and tincel, an Lale 


term, ſignifying a ſpecies of ſalt that ſerves 
to ſolder 1 thus correſponding to the 


chry/ocolla of the Greeks. It is brought to us 


in {mall lumps, or thick priſmatic cryitals, 
of a dark green colour, foul, earthy, unctuous, 


and having a particular rank ſmell. It is 


'd up in | ſkins, hike drefs'd hides, 
thick parchment, called du . *Tis found 
in ſeveral parts of Perfia, and the empire of 
the Great where, in ſeveral mines, 
but particularly thoſe of „there runs 
a ſaline turbid water of a grey! | colour, which 
they carefully collect and evaporate to a pro- 
conſiſtence for — into a paſte with 

wherein it 


— ſlime or mud of the 


The Venetian: y uſed to refine this 
rough borax, and made a conſiderable advan-- 

of it, being then the only venders ;: 
monly called Fenetian bo- 
time this trade has 


at 
if 


3h 

it 

er 
H 


8 8 


it: 


tion of other” 
ſalts, i its eryftals,. 
whilſt the exter- 
nal air beſt man - 
doe i 19 3 copper, with dec 
times its weight of water ; — 
copper, let the fire go out of itieli, and the 
whole grow perſectiy cold; by which means 
the will us filth, . 
the bottom, 
is to be 

taken 


f 
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Sal Amma- 


» HIACUM. 


Sal- Ammoniac, or Sal- Arenarius, g 


ſultry deſarts of Lybia'; being probab 


The "Theory'' of CEM IST RV. I 
4. OS ALAMMONIA C. 


generated in the dry fandy 
ly the Sal. Cyrenaicum of the ancients, 


$ of the 


4 


Cyrenaic ſalt. found fo plentifully about the temple of Ammon; which from the marks of its | 1 
goodneſs given by Pliny, appears to have been perfectly like the modern 
Kind (z). The like is alſo thrown out of burning mountains, in various part: 


Origin from 
„ . 


again, and ſu 


- finer and larger 


of the earth: that of mount Veſuvius is reputed the beſt even to this day. 
ies therefore belongs to the foſſil tribe ; tho? that now brought from ⁶ 
*Tis probable it may derive its origin 


This { 
Egypt — of the animal kind. 
every where from ſoot (a). 5 


taken out as clean as poſſible. All the dirt, 


ſtill — ſalt, iz to be boil'd over 

r'd to ſhoot in the ſame man- 
ner. When a ſufficient quantity of this yel- 
low ſalt is obtain'd, it muſt again be boil'd 
in fair water, and ſhot a ſecond time ; where- 
by it ſtill becomes purer: but to make it per- 
fectly fine, this ſecond, or even the third falt 


is to be boil'd again, with the addition of a 
rrion of the lixivium of pot-aſn, 


r 

and the whites of eggs, as in the common way 
of clarifying ; with care to take off the ſcum 
as it riſes, ' and to paſs the hot liquor thro! a 
flannel ftrainer ; by which means the whole 
ſolution ought to be render'd perfectly bright, 
and conſiderably pale before it is ſet to be 
ſhot for refined borax. It ſhoots beſt in a 
copper veſſel, cloſe cover'd at the top, ſo as 
not to _ — —— air; — oy be 
kept in this ſtate, till perfectly co ore it 
caddy which, if the quantity be large, 
will require five or fix days. To obtain 
ſhoots, braſs-wires may be 
let into the copper, thro' holes bored in the 
lid, at the diſtance of two inches from each 


perfectly refined for 
-medicinal uſe; but for many others, where 
beauty and purity are not neceſſary, the rough 
Jort may ſerve as well, and Gon charges. 
The preciſe figure of its ſhoot, when perfectly 


.refin'd, ſeems not to be determin'd, and in- 


deed requires a particular experiment for the 
purpoſe : all the eryſtals obtam'd in the com- 
mon way, being imperfect at one end. 
512 Its wirtuerand uſes. 
It is of excellent.uſe in the buſineſs of ſol- 


5, 


which it a near relation. *Tis alſo an 
admirable flux for metals, and metallic mi- 


nerals. It is almoſt indiſpenſably neceſſary Þ 
in many arts where metals are concern d. 


The dyers uſe it to give a gloſs to filks ; and 
it might perhaps have new uſes in the arts of 
aſs, enamelling, and counterfeit gems od 


"Phy ficians eſteem it 1 diaretic, and | 


emmenagogic ; and uſe it chiefly in female di{- 
orders ; particularly to promote delivery, and 
— away the ſecundines. Externally, it i 
a ſate-coſmetic ; and preferable to the dange- 
rous preparations of lead, mercury, and bi- 
muth, for the agen of a beautifyer. 

(z) There may be room to ſuſpe& that the 
text of Pliny has been a little interpolated in 
this place, by ſome tranſcriber, acquainted 
with the ſal ammoniac which is faCtitious ; 
as the ſentence does not agree well with the 
plate, nor make P/iny conſiſtent with other 
ancient writers upon the ſubject. But this be 
longs to the critics. 

| (a) The ancient fal-ammoniac appears tv 
have been different from the modern, if ve 
may credit Dio/corides, who reckons it 
the kinds of alimentary falt, and deſcribes i 
As a hard, tranf) t, white, fiſſile, minerd 
ſubſtance; which ſeems to make it the ſame 
as our rock-ſalt. The name ammoniac ma 
refer to its being found in ſand, or near the 
temple of Jupiter Ammon in Lybia, ancient) 
much frequented ; and this ſalt was ſuppoſes 
to be made from the urine of camels, C. 
there depoſited in the /ands: whether of 
ſal-ammoniac be thus found is uncertain. le 
—_— are theſe : (1) It cools water 
(2) It turns Fortis into * 

3) It remains d in a gente ie 
mes in a ſtrong one. (4) Its tal 


— 


ders, as occafioning metals to run readily, and 43 
lay hold of each other; tho' in ſome of theſe 
caſes, its place may be ſupplied by glaſs, to 
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icker 


under ground, 
flre; or 


purpoſe, they leave it a month 


The Theory of CRuIs Tay. 


we 5. Of AL U M. 5 
1. Alum is a real foſſil, procured either from a hard, flaky ſtone, found 


before it-was not. If the former, or ſtony ſubſtance, be uſed ; after firſt ex- 


it to the air, they calcine it ; and in the operation it yields a flame, 


which ſhe ws that it contained a ſulphur. _ 1 

2. After this preparation of the matter, either by air alone, if it be earth, 
or by fire and air, if it be ſtone; they diſſolve it in water, and precipitate it, 
by adding to it a fix d, or volatile alcali, which alſo raiſes an efferveſcence: 
whence the acid uniting with the alcali, prevails, and produces a new ſalt, 


-4 thus generated from the air, the alcali and the foſſil matter together. 


icker than that of ſea-ſalt, and - reſembles 
t of urine. 
A native ſal-ammoniac is alſo ſaid to be 


found- in certain ſulphbr-rocks near Pate-- 


eli in Iraq; and near the mouths of ſeveral 
volcano's, , or burning mountains. But. we 
have never ſeen any true ſal-ammoniac of this 
kind ; 'tis poſſible it may be thus produced 
from ſoot, as the author intimates : but the 
| ſalt. brought from theſe places ſeems to be a 
ſublimation of common ſalt, or ſaline fumes, 
raiſed by the great fires condenſing upon the 

adjacent ſtones and rocks, in form of a white 
| effloreſcence ; and being thus gather'd, paſſes 
under the name of ſal-ammoniac, which it 
may reſemble ; ſo that experiments ſhould be. 
made upon it to determine whether it be true. 
ſal-ammoniac. 

It ſeems to be pretty certain, that the true 
fal-ammoniac, now in uſe, is an artificial 
thing ; the principal part whereof is made in 
Eeypt and Syria, and thence diſtributed thro' 
Enrope. It comes to us in pretty large orbi- 
cular cakes, flat, or-a little concave on one 
fide, and convex on the other, with a lump 
riſing in the middle. They are about fix in- 
ches over, and two or three R of a grey 
coloup on tho out-fide, and ſometimes black, 
as if tarniſhed with ſoot; but appearing white, 
cryſtalline, and fireak'd, or ſtriated, when 
broke. There have been great conteſts as to 
the generation of this ſalt ; but they ſeem to be 
now ended by the accounts of the miſſionaries 

lemicians 5 


and the French 


1 See the Memairs 
per upon the Origin of Sal. 
Trevoux, Dec. 1717, 


of the: Feſaits' in the Levant, primed at Paris i 15g, and I, 
Ammoniac... Memoir. de Þ Acad. an. 1720. p. 66. And Tour, de 
+ See its hittory ia the practical part of this work. , 


| 3: 
Salammoniac, how made. | 

Tt is made in the following manner at Da- 
maier in the Delta. 

For want er — . — com- 
mon the dung of animals, eſpe · 
dal ; which they make up into a 

i 1 of turf with ſtraw, and dry it. This,- 
in burning, affords a quantity of ſoot, which 
they carefully collect, and preſerve for the 
purpoſe. This ſoot, they ſprinkle with a ſo-- 
ution of ſalt, difſoly'd in camel's urine; then 
charge large ſubliming glaſſes with it, obſer- 
ving not to fill above two thirds of each veſſel : 
theſe they ſet in a ſubliming-furnace, built of 
brick and clay, ſo as to cover them as high 
as the matter reaches; then they make a fire 
underneath, and proceed in the work after the - 
common method of ſublimation ; whereby a 
cake of ſalt is thrown up to the top of each 
veſſel ; a blackiſh maſs remaining behind at 
the bottom. And hence the fgure of the 
cake correſponds to the ſhape and make of 
the heads of the glaſſes, which are broke to. 
take out the ſalt ; after the manner praQiſed 
for the refining of camphire in Bagland and : 
Holland, It is purified by ſolution in water, 
filtration, and gentle evaporation. | 

kts wirtues and\uſct. 

It is made great-uſe of in chemiftry, as 
will appear hercaſter ; and in alchemy for ob- 
taining the ſuppoſed mercuries of metals. It 
is of ſervice in the art of tinning. by making 
tin adbere to iron; and of uſe in ſoldering, 
It is likewiſe of great uſe in dying; and has 
conſiderable virtues in phyſic . 


1 


deep Alum, its ori-- 

and pregnant with ſulphur and bitumen, ſo as eaſily to take gin. 

from a bituminous and combuſtible earth, which yields a noxious 
flame, with a ſulphureous ſtench, If the latter matter be employed for this 

. ed to the open air; whereby it crumbles 

into powder; and thus becomes diſpoſed for the generation of alum, which Generation. 


.The Theory of Cneutsr ay. 

3. The matter thus precipitated, is then ſeparated from the lixivium float- 

ing above it, diſſolved in boiling water, inſpiſſated in a leaden veſſel, and 

no F. into a caſk, and left to reſt; by which means it yields white or 

reddiſh aluminous cryſtals, of an octogonal figure, and a ſweet auſtere taſte, 

not apt to 70 in the air, and requiring times their weight of 
water to diſſolve them. F es et | 

4. The acid in this ſalt appears the fame, in almoſt all reſpects, with the 

a4 acid; vapour collected from — ſulphur. What remains, after the e- 

rg: of this acid, is a fæculent matter, which affords great quantity of 2 

ight ſubtile earth reſembling bole. This being calcined with three times its 

quantity of charcoa!, yields the Phoſphorus of M. : and thence ap- 

pears. to have a peculiar diſpoſition for taking fire in the air (5). 7 


6. Of the VAG UE ACID. 


1. The vague volatile liquid acid, found perhaps every 


= 
LA 
* 


where in mines. 


Paxue acid. 

28 This mixing with foſſil oil, Petreol, Oleum terre, os the like, probably con·¶ 
Forms various ſtitutes the various ſorts of native foſſil, tranſparent ſulphurs, denominated ³ü 
l. Viva; —— ſemi metals it forms einnabar, antimony, and other foſſils 
5 both ſolid and fluid : uniting with metals, it forms divers kinds of yitriols: 

with calcarious earths. different alums : and. laſtly with pyrites, which is the 
matrix of vitriol, calcin'd in a wood fire, it produces common ſulphur. 2 
Aﬀenity with 2. May not this be held much of the ſame nature with that acid which = 
Fume of ful- burning ſulphur diffuſes. from its blue flame, ſo ſuffocating and fatal to all 
4 animals? is certain the analyſis ſeems to indicate as much. And hence 


this may probably he looked upon as a male ſalt, and ſerving to impregnate 


the female ſalts and earths (c). 


Natural hiftory of alum. 

(5)/ Alum is diſtinguiſh'd into natural and 
factitious: the natural is rare; all that we 
commonly uſe is artificial, which differs only 
according to the places where it is made. 


Alum has a ſharp rough — — taſte, its ery- 


ſtals are oRogonal, four of the ſides being 
hexagonal, and the other four triangular ſur- 
faces. It eaſily melts over the fire, and riſes 


in bliſters. bal 


England, Traly, and Flanders, are the coun- 
tries where alum is ay cos produced. The 
Elis alum is made a bluiſh mineral 
ſtone, almoſt like late, frequen 
of Yorkfbire and Lancaſbire. This ſtone they 
calcine on a hearth or kiln; then ſteep it ſuc- 
ceflively in ſeveral pits of water: then boil 
it about twenty-four hours. Laitly, letting 
it ſtand for about two hours; the impurities 
ſubſide, and leave a pure liquor 5 which, re- 
moved into a cooler, and fome urine, or kelp- 
liquor added to it, begins in three or four 
days, to gather into a maſs: which being 


„in, is fit for uſe, 


t in the hills 


out, waſh'd, diſſolv'd, and ſhot over has a body, or if 


| COR OL 
In the alum-works at Civita Vecchia, the 
is ſomewhat different. The ſtone, which 
is of a ruddy hue, being calcined, they boil and 
difolve the calx in water 5 which imbibing 
the alum, ſeparates it from the uſeleſs earth. 
Laſtly, 91 water thus im 
to ſtand for days, it cryſtallizes of it- 
ſelf, and makes what they call, roch. 
At Soffatara, near Puteols in Italy, is a con- 
fiderable plain, the ſoil whereof is ſaline ; and 
ſo hot that the hand-cannotlong bear it. From 
the ſurface in ſummer: time, there ariſes a fort 
of flower, or ſaltiſh duſt ; which being ſwept 
up, and caſt into the leaden ciſterns of water 
at the — — the heat of 2 
ground alone w ie, evaporates 
water, and leaves 7 alum behind. 
ts ies. | 
It is much uſed in dying; and in medi 
cine as &ypric and aſtringent. | 
(c) There ſeems to be a certain-wague Hall, 
or acid, diffaſed in all parts of the earth; 
which, when alone, is volatile; but when it 
ject to adhere in 


- * 1 - a 


— * * r — * 


in this manner, with the ſeveral ſteps 
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COROLLARY. 
Hence it follows, that in the formation of - foflil ſalts, nature ſeems 


{T7 


to Privciples of 


uſe three kinds of acids (d) 3 viz. 1. Spirit of ſalt; 2. Spirit of nitre, both Mall. | 


pretty copiouſly ; and 3. Spirit of ſulphur, more ſparingly"; and beſides 


theſe, water and earth (e). 


of SULPHURS/ | 


r. The third claſs of foffils conſiſts chiefly of ſulphurs : under which ſome 


other bodies are rank'd. 


« 2, Sulphur is a foſſil body, which is hard when cold, and eafily re- 
% ducible to powder; but melts by a moderate heat like wax; may be 


« ſtate of fuſion by 


Wr. 
« totally ſublimed by fire in a cloſe veſſel, without alteration; when in a 
„if the air be admitted, it burns, and flies totally off, 
r ang a blue flame, and a volatile vapour, noxious to animals. 28 
3. Sulphur is ſometimes, tho rarely, and only in ſmall quantities, procured 9, cler ,- 4. 


5 
„ * 


Chara ters of” 


native from the earth; when it is either found tranſparent, and yellow like 4u-. 


amber; or tranſparent and red like the ruby, and then called golden ſulphur; 


x | 
| at a loſs how to convey, otherwiſe than by 


its effects z: it ſeems to come neareſt the na- 
ture of ſpirit of ſulphur per ca: m ;' and 
is diſcover'd in all ſulphur, in vitriol, in 
all alum, in all nitre, in all foſſil coals, &c. 
This fame acid is, perhaps, that pernicious 
fume, or damp found in mines, and the ſmoke 
which flies from bituminous turf, Wo. 

This we look upon as an indeterminate 
principle, diſtributed thro' every part of the 

lobe, both inſide and out. Tis this acid 
diſſolves iron and co near ſome hot 
baths; this, that meeting with foffil or Tock- 
oil, coagulates and converts it into ſulphur ; 
this, that being received. into the earthy part 
of the alum, or the lait cakarins,: converts 
it into ahm: this, in that, infinuating 
into the ſubſtance of iron, produces green vi- 
ny or into that of copper, blue vitriul, 

C. . 

The doctrine here deliver'd of a vague acid, 
may ſeem a little 18 till the actual 
ſeparate exiſtence of ſuch an acid be ſhewn ; 
of which we do not know any clear inſtances. 
The argument for it ſtands thus ; we find fe- 
veral mineral bodies that afford acids u 
their analyſis ;- or appear to contain acids; 
and therefore nature makes uſe of theſe acids 
in the compoſition of ſuch mineral- bodies : 
but to render this argument concluſive, the 
acids ſhould be ſhewn to exiſt in the earth, 
and inſtances be produced of nature's working 
| f of the 
proceſs : but inſtead of this direct proof, we 


ofthoſe fame. 


or 
only find a prejudg'd theory in authors, fup- 
N by e reaſonings, and a <4 
ble ſolution of — — which may be 
no more than a bare accommodation to the 


(4) It would add a kind of confirmation to 
this corollary, if it could be ſhewn that theſe 
three acids are to be found ſeparately exiſting 
under any of thoſe forms in which we obtain 
them by art. Where do we find: any truly 
acid waters, liquors, or fumes, citherin mines, 
or out of them? | | 

(e) Foſſil ſalts left to ſhoot, or cryſtallize, 
aſſume certain figures,. which are uſually at- 
tributed to them as their 2 figures; tho“ 
ſometimes — 2 wy bail gures of theacids 
ts. Theſe figures are, in ſea - 
ſale, cubes; in ſal · gem, parallelopipeds in ſalt - 
petre, a ſort of needle form; in alum, trian - 

es, with the points blunted; in borax, 

tted ovals ; in ſal· ammoniac, branchy nee - 
dles, Sc. Yet upon examining the configu- 
ration of theſe falts, it will appear, that ſuch. 
res do by no means belong either to the 


falts, or the acids procurable from them; but. 


rather tothe alcalies, whereby they are diſ- 
ſolv'd, and which ſerve them as baſes. And 


hence the ſame acid aſſumes different figures, , 


according to the different alcalies it is ſatu- 
rated with before cryſtallization. Thus, ſpi- 
rit of nitre, after diſſolving copper, ſhoots. 
into hexagons ; after diſſolving iron, into irre- 
gular ſquares ; after diffolving filver; into, 


- triangular, dented plates, &c .. 
Y Homberg, Mem, de I Acad. R. an. 1702. AMTTY io D022 & 1WHH2 44 
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The Theory of Cunnuiseny. 
or not tranſparent, which laſt again is either yellow, aſh-colour'd, or mixed 
of divers colours, and called Sulphur ui vum, or * But all that 


Common, fac- ſold in the ſhops throughout Europe, is factitious; 


ing obtained by art from 


the pyrites, wherein it ſcarce ſeems to have pre-exiſted ; ſince its matrix, ot 


From fyrites,, ore, the pyrite*, being detained in the fire, yields no ſulphur, but an acid li. 


quor, like the acid of vitriol. Whereas the ſame Pyrites being duly prepared, 


.and then long expoſed to a veheme 
and exudes a true ſulphur.  ' | | 


nt fire, gradually ſoftens, calcines, cracks, 4 


4. Sometimes 1 the ſulphur is found read prepar'd in the pyrite: , 3 | 
ſo that upon being ignited the ſulphur trickles from the containing veſle; 
placed aſlope for the purpoſe, and is catched in receivers. And hence the or: 


or matrix both 
_ artificially compounded. of th 
nam, and a vegetable oi 


5. 


e 


3 


. tive ſulphur is that which never felt the bre ; 
and ſactitious is that obtain'd by fire. Ti 


T be native ſulphur, otherwiſe called 
ien, is of two kinds ; the one — 2 


and of a yellow, green, or red co- 
Jour; which is near the -mines in 


Peru, Switzerland, &c. the other is opake, - 


and found either in ſhining green, or yellow 
lum — —ͤ—ͤ— rm of a clayiſh 
—— 9977 — 
f near 8, 1 c,. 
—— { w tho of 
Aix la Chapelle, Qc. and in ſeveral parts 
both of Bare and America | 

de faQtitious ſulphur is 22 in diffe- 
rent ways at different ln ſome 

of pry endgame yr — 
containing a white argillaceous earth, mix'd 
with blue veins, which they by. up, put into 
large earthen veſſels, and get fulphur out by 
à kind of diſtillation, with an earthen cu- 
curbit and receiver; tho? this is no more than 
an ingenious contrivance to the ſul- 
phur from the ore by fuſion, and make it 
riſe, ſo as to run liquid into the inclined re- 
ceivers- What remains in the cucurbits after 
the operation, is a red calx, which they throw 


away, | 
Much after the ſame manner they ſeparate 


Aulphur near Lizge, from a kind of pyrites, 


rinum (F. 
vo nan off. tl yore: | = 
- looking like lead ore: which is there dug up, 

and put into large ſquar: 
| cacurbits of earth, with narrow moutn. 


broke to pi 


derable pi 
\ be. foul at the firſt operation, they melt it a 


ſalt. It ſeems to be beſt 


tion, which raiſes it in the form of flower, 


powder, matches, fire-works, Sc. 


Sehne 
7 . 


and vitriol, is the fame. And thus may ſulphur be 
e ſpirit of vitriol, alum or ſulphur 
tter combined together. So that ſulphur is no 
"Refina terre. W called by the chemiſts gina terre, or Reſin of the earth. 4 
: ing ſeparated by repeated fuſions, both from the impurities which 
riſe to the top and fink to the bottom, and poured into wooden moulds of 
figure, it is expoſed to ſale; and from its colour, which reſembles 


that of the citron, is called Sulphur citrin 


Of 


Theſe veſſels they place in an inclined poſture 
in a furnace ; whereby the melted ſulphur 1 


made to run out into leaden receivers, fil 


to a proper height with water: the ſubſtance 
that remains in the cucurbit contains a con- 
proportion of vitriol. If the ſulphur 


in in iron veſſels, adding to it a little li 
oil ; then pour it into hollow cylinder 
of iron on the inſide, whereby it 


form d into rolls. The ſulphur thus procur d, 


is either or greemſh ;-the latter is 
ferr'd for ſome uſes, as containing a . 
purified by ſublims- 


commonly called flower of brimſtone. 
Its wirtues and uſes. | 
It is uſed both internally and externally in 
medicine; and to t advantage in cuts 
neous diſorders. Its uſes in I rt 
are f{uf- 


ciently known. It has numerous uſes in che 

iſtry. Its fames check, or prevent ſermer: 
tation ; for which purpoſe tis uſed by tit 
wine-coopers, &c. It has an electrical vr. 
tue. The light it affords in burning maler 
objects appear ghaſtly ; and on this account 
perhaps it was anciently burnt in wn ay 
ard other ſacred rights, and came to called 


per camps i 
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| of ORPIMEN T. "avs 
I. Orpiment in many reſpects reſembles ſulphur ; being friable, fuſible, Ommen. 
eeanſily inflammable, and in burning yielding a ſulphurous ſtench, tho? not a 


2 latile acid one. Withal it is inert and ; or not ſo pernicious: to 
, . as is vulgarly pretended. It turns red by fuſion, and in that ſtate af - 


fords a volatile emetic matter, improperly called yellow arſenic. Citrine ar- 


2. The original native orpiment being fuſed. in a cloſe veſſel, 8 a 2 oy” 
; | brittle maſs, which is eaſily reduced to powder, and appears with the bright- —-_ 
neſs of Minium; being not very acrimonious, and conſequently not very poĩ- Jarace. 
« ſonous, tho? called both by ancients and moderns realgar, red arſenic, and 
: RE /andaraca: which confuſion of names has given occaſion to ſeveral errors (g). 
_ | * 
it 


FARSENIC,, «.\ en 
= r. The poiſonous arſenic is a white'cryſtalline, ponderous, pulverable body, Aſirie: 
and but of late invention; being unknown 200 years ago. It is an artificial 
i RE fubſtance, made by melting lt with fix'd alcali and flints, in the prepa- 
© nation of ſmalt. The flower which riſes in this operation affords a white 
XX crude arſenic ; which being fuſed in a cloſe veſſel, by a' vehement fire, pro- 1 
duces the common white ſhop-arſenic (P). "i 4+ aha 
2, If this arſenical flower of cobalt be fuſed with a of its quantity e _ 
of common ſulphur, it uces the yellow, poiſonous arſenie ; which ſhould nic. 
be carefully diſtingui e as being of a moſt deadly quality. 
| | my | 2 


> 


| ' . 
Natural bi or pi men: — 49 pi betwixt ſulphur and the milder arſenical ſub-- 
(2) By Weed ov Coding a natural ftances : but its real nature is not hitherto 
ſcaly mineral ſubſtance or glebe. It is ex- fufficiently determined ; though Dr. Hoffman 
tremely like tale; its little ſcales has beſtow'd ſome pains in examining it ; and 
are eaſily ted from each other. It is produces arguments to prove it innocent, not 
of three kinds with to colour vis. only from chemical experiments, but alſo 
(1) Gold-coloured, or yellow. (2) Red, or ein- trials made upon dogs: but both theſe kinds 
nabarine, mix'd with yellow; and, (3) Greeniſh of trials we know may deceive, or ſometimes 
or yellowiſh, mix'd with a large proportion be fatally transferred from one ſubject to an- 
of earth, and therefore the coat felt. All the other. And under this uncertainty we cannot 
ſpecies are found in the mines of gold, filver,, adviſe the giving it internally ; though we 
and copper. But the orpiment we commonly ſuſpect it is frequently given by certain A * 
meet is the yellow fort. Its taſte is very ſometimes with good, but often with 
little if at all acrimonious z it diſſolves in effects. L 
oil, it flames in the fire, and then yields a | - Its wfes. 
rlick odour; by ſublimation it yields flowers It is commonly ufed by painters for a gold- 
ke thoſe of ſulphur, leaving a hard red maſs, colour'; and as a —_—_— with quick-lime 
or kind of us, at the bottom of the ſub- at the bagnio's ; it is alſo an ingredient in the Y 
liming-veſſel ; but if with a ftrong fire, making of ſhot, and in the ſymparhetic inks, | 
this maſs alſo ſeems to riſe, and concretes on the which by their fumes render certain inviſible 
upper part of the veſſel, into'a beautiful red, inks conſpicuous. '' We have ſeen it in flakes 
tranſparent ſubſtance, like 'a ruby ; leavi of a molt vivid, beautifully red, green, and 
only a fmall proportion of a metallic yellow tranſparent colours, brought from 
behind. Its in burning being receiv'd 4 
by copper, render the men white and brittle 3 ba. - 
which * 12 ſuſpicion of an arſeniea! (6) V. hel de Arte Vitrarid, where 
quality. perhaps it is of a mix'd nature the furnace for this purpoſe is deſcribed. at 
berwixt common ſulphur und antiziony, as P fn 10 Cnpee” peg) 
See Hoffman, Obſerver. Phyſ. Cm. p. 259, 2677. et. 
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Red arſenic. 


. ©, Natural biftoryof tobalig or tntheri of affinen Two parts of this calcined cobalt being melted 
(.) As agfenics-are obtain'd-from cobalt, the vith one part of pot-aſh, and three of com- 
natutal, hiltory of this mineral ſhould. firſt be mon ſalt, it turns to a dark, blue, glaſly, 
aced. cryſtalline matter, called /malr, or the blue 
hard, foſſil ſubſtance, or imperſect ore, of a enamel, The white arſenic is made by ſub- 
the ſoot or flowers of cobalt in an 

iron veſſel ; or by bare melting it in a cloſe 

— of vitreous 

body. Yellow arſenic is made by ſubliming, 
in large or melting the ſame. ſoot with a tenth-part of 
bemia, but ſulphur. . Red arſenic is made by ſubliming 
particularly near Ca. Cobalt is alfo faid or melting the ſame ſoot with a ſmall propor: 
tion of copper ſlag, or two parts of ſulphur 


* 1 
-- 1 There is reaſon to b 
the northern parts of Briffis. 


17 


duces the red 


monly with ſilver. It 5 
n 


ther has a peculiar and ſpec 


bodies ; being mortal to all animals, and not caſy t 


# © 
- 


I 


traced. - The German cobalt is a ponderous, 
blackiftr colour, ſomew hat reſembling a kind 
of pyrites, or ore. of antimony. It emits a 
ſtrong ſulphurous ſmell in burning and is 
ſometimes mix'd with copper, but moſt com- 


ps from mines in Saxony a 


to be found in E:g/and, and particularly in the 
#lendip hills. It is — , tho) poiſonous 
w 


It has a vio- 
lent” corroſive quality: ſo as ſometimes to ul- 
cerate the hands and feet of the miners ; and 
the known animals. 
* Its uſes. ; 
It has been already obſerved, that the three 
kinds of arſenic are prepared from cobalt. 
It likewiſe is the foundation of .zafer or 
ſmalt, and ſome other of the blues uſed in 
tinting, enamelling, waſhing, ſtarching, Cc. 
o as to prove a very advantageous commodity. 
The way of treating cobalt for this purpoſe is 
deſcrib'd by Kunkel in his notes upon Neri's 
art of glaſs. The proceſs is this: They firſt 
roaſt or calcine the cobalt in a reverberati 
furnace, ſo built as that the flame of the fire 
may paſs over the matter, and keep it ignited. 
The flame in paſling over the cobalt is blue, 
and carries off -a copious fume, which is con- 
vey'd from the top of the furnace into a large 
wooden funnel, ſome ſcores of yards long; to 
the infide . n 
heres, in form of a whitiſh ſoot. This funnel 
the wor ſweep once in ſix months, and 
preſerve the ſoot 3 of which the ſeveral kinds 
of arſenic are made, in the manner below 
mention'd, The cobalt, after being. thus 
roaſted, is powder'd and calcin'd a ſecond, or 
2 7 > acl hy 300, n pas} 
ciently diſc 0 ſtly, it is ound, 
with twice or thrice its weight of — 
flint, and 12 with water z | whereupon it 
ſoon turns by melting to a maſs called zafer. 


” 


See Stahl; Archiater Anchiater. 


The Theory f CRUISE T AV. 
3. The ſame flower of cobalt being fuſed with a fifth part of ſulphur, pro- 
iſonous arſenic of the muderns ; which muſt be well diſtin 
from that of the ancients,” for the reaſons above ſpecified (i). T 
- 4. In effect, the modern arſenic ſcarce ſeems to be a true 
ific nature, which-diftinguiſhes it from all other 
o be reduced to any claſs 


ieee 15.7 3 dab of 
Fl 


worth, emuryg.,ater;,, ee 
elieve it may be found in White arſenic is'tota * 


* 


liming 


crucibl 


which gives it a ki 


to ten of the ſoot. | ©} | 
The nature and uſes of arſenic. 

volatile in the fire; 

it does not flame like cobalt, or red arſenic, 

as containing no ſulphur ; its "ſubſtance or 

fumes whiten copper, but render it brittle: 


if taken into the body, Proves mortal to all tis one of the ſtrongeſt poiſons, Taken in- 


ternally, it produces horrid ſymptoms, 2 


dejection, fainting, ſtupor, delirium, convul- 


ſions, palſy, burning in the ſtomach, cold 
ts; but the following ſeem particular to 

is kind of poiſon, viz. eroſion of the ſto- 
mach, ſo as to Rave its coats extremely thin 


and Aaccid in ſome places ; perforation of the | 


inteſtines, quick ſwelling, and ſphacelation, 
and pu ion of the parts of the body afic 
death z but more particularly the parts © 
ration, If death does not enſue, the per 
is apt to grow hectic, paralytic, or mt 
iacal. But notwithſtanding the numeros 
tal inſtances of this poiſon, ſome are bold 
enough to give it as a medicine, particular) 
in obſtinate intermitting fevers ; but this we 
take to be a monſtrous and moſt deteſtable 
ractice; as the remedy is infinitely worlc 
the diſeaſe. » And tho? the white arſenic 
be the moſt fatal and deadly, yet the yellos 
and red are almoſt as bad: nor do we kno 
any way of rendering arſenic medicinal, not 
of any antidote againſt this poiſon * 
Arſenic is frequently uſed as a poiſon, to ani 
mals, eſpecially rats that infeſt | ſhips ! bat 
even this practice is not ſaſe to the failer- 
Melted with copper it makes an artißci 
metal, called uch now. pretty much dil 
ved, as being © unwholeſome,, or  poiſonos- 
is always to be Bade or he with ar 


N 0 _—_ » 4 
1 6 99 ig Ano KJ nant. 


guiſhed 
ſulphur, but ra- 


| ” a 
3 The Theory of CHEMISTRY. 
of known bodies; tho' more reſembling ſulphur than any other: and for 
14 this reaſon we rank it under this head (c). x 4] $12 Je 54 
aw "Of BITUMINOUS SULPHURS. 
"if 1. Nearly - reſembling the nature of ſulphur, are thoſe unctuous bodies N 
XE which ſpontaneouſly iſſue from the ground, in the compoſition whereof ſul- 

N phur appears to have the predominant part. Such particularly are the fol- 
| lowing (1). | | | | | 
© N or rock oil, whoſe name diſcovers its nature and origin; it re- Petrol. 

ſembles melted Bitumen, or is perhaps 9 from it, and trickles out of 

| rocks: tis thin, light, of a ſtrong ſmell, and totally inflammable ; it is 

frequently found ſwimming on ſpring- water, and ſo nearly reſembles a di- 

ſtilled oil in ſeveral reſpects, that many have thought it the product of fire 

by ſome ſubterraneous Operation. It is frequently conſidered ks a liquid bitu- f 

men; from which, however, it differs in colour, ſmell, and tranſparency. _ 
2. Napbtha(m) is much like petrol (n), only thinner, whiter, more eaſily in- Nalptba. 
RE flammable, and maintains its flames longer; being difficult to be extingunſh®d, 
It is the pureſt and ſubtileſt part of bitumen (0), , 3 
iſ 3. Aſphaltum, as it 's called by the Greeks, 
thicker than naptha, or petrol, very viſcid, or tenacious, tho“ at firſt it is in 
ſome meaſure fluid; whilſt it retains its nature, it generally ſwims on _ 
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y the Latin Bitumen, is Bitumen. 
Dy a Aſphaltum. 
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greateſt caution. The white is uſed in 
laſs-making, to make the glaſs tranſparent ; 
y ers in their white glazing ena- 
3 glaze or cover their metallic co- 
lours, The yellow and red are uſed by pain- 
ters in their fleſh-colgurs, browns, yel- 


lows. The {ſmalleſt quantity of any of the 


arſenics bei 
friable, or 


mix'd with a metal, renders it 
eftroys its malleability. - And 


| hence the refiners dread nothing fo much as' 
—_ 2rſcnic in their metals; and it would be ad- 


vantageous to them, were ſuch a thing to be 
had, as a menſtruum that would rb, or 
act on arſenic alone: for then their metals 


| might be readily purified, without flying off, 


or evaporating; which often - oceaſio.cs great 
lofs, labour, and expence. Arſenies do not 
diſſolve in water, but hang therein after the 
* — feathers. SHE 
, onſult Ha Obſere. Phyſ. Chem. ' 
t By — pus übe we E ſuch 
pirchy mineral ſubſtances, whether ſolid or 
fluid, as are inflammable, ſoluble in oil, and 
immiſcible with water, Thus a ſolid bitumen 
15 any hard, brittle,” mineral body, fuſible by 
fire, readily inflammable, and ſoluble in oil 
thus appearing to reſemble pitch, as the li- 
quid bitumens reſemble tar; though: their 
colours and degrees of conſiſtenoe may be 


| Various. 


(A] Some naturaliſts, ' as Dee end 
%c. extend bitumens into a general claſs, an- 
2 


ſwering, in great meaſure, to the claſs of 


/ulphars. Accordingly, they ſabdivide" them 
into-{iquid, or naphthe, including petrol and 
oleum terre ; and ſolid, under which they 
e amber, jet, bitumen, aſphaltum pro- 
perly ſo called, and cl. blue. 
( It is frequently confounded with naphtha, 
tho! ĩt be very different therefrom ;-as being 
thinner, more penetrating, and leſs inflam- 
mable. | | 12210 
It is found in ſeveral countries, particu- 
larly the duchy of Modena in Ia ; and is of 
ſeveral colours, red, yellow, green, white, 
Sc. which diverſity is ſuppoſed to ariſe from 
the different ſituation of the rock with reſpect 
to the ſun : thus the white, which is reputed. 
the beſt, is ſaid to proceed from that ſide 
molt as ng to the ſun's rays; then the red, 
then yellow, Ee. bial gun 
Tu uſed for burning in lamps, and exter- 
nally in paralytic diſorders, Go 
le) Napheba is a ruddy kindiof-oil, exuding 
aut of 'a rocky or ſtony carth ; exceedingly; 
inflammable, ſo as to catch ſire even from. a 
candle held at a diſtance 3 and ſo combuſtible 


, 


as to contiaue burning under water. Tis found 


in ſeveral parts of Chaldæ a, particularly where 


the ancient Baby/on, todd ;:a5 alſo in France, 
and ſome other countries of Huree. ITbat of 


France is like melted pitch, very black, and 
of a'tank im — 


: 


f 10 aM pad 4.30, ei e 


118 The Deory of G neus rav. 


and it burnsyebemently:in the fire: The fame being further dried, . and con- 
cocted by the heat of the ſun, or fire, or even by. 1 of time, becomes 
harder than pitch, grows ſhining and ponderous, but is ſtill fuſible by fire, 
miſcible with any unctudus body, and inflammable; in which ftate it is de- 


Jewiſh pitch. nominated ews-pitch, or Bitumen Judaicum . 


Piſa/phal- 4. Piſaſphaltum, by the very found of the name ſhews it of kn interme. 
an. Jiate kind between pitch and bitumen; being of a black colour, earthy and 
ſtrong ſcented, and only ſeeming to differ in degree from the former: it is 


\ 


bodies with melted bitumen 


E ly generated either naturally, or artificially, by a different mixture of F 
n 4 
5, The fame, when elke ſo far towards perfection by nature, as to 


2 . N. Become black, hard, earthy, flaky, ſmooth, ſtrong ſcented, and gloſſy, ſeems 
to ſorm that e called jet, or Thracium Nicandri (.). 

6. If fat bituminous ſubſtances mix with ſtony glebes, or ſometimes per- 
| haps with the Scoria of metals, they harden together, and thus form a ſolid, 
Coal, ſcaly, black, fat, flaky, inflammable matter, called Zithanthrax or pit-coal () 
Lithaxtbrax. which ſcems allo to belong to this head. | 
Amber. 7. Amber, called alſo Corabe, Succinum and Eleirum, comes likewiſe under 

- - © this head ; as ſeeming to be the produce of a bituminous ſulphur, It burns, 
and at the ſame time melts in the fire, It conſiſts of A acid ſalt, 
which hardens into ſolid glebes ; and of a foſſil oil, nearly reſembling petrol. 

Its colour is either white, citron, yellow, black, or red ((). | 


5 | g. 

1 ſound in many countries of Europe, as Ger- 
lour, re many, France, Sweden, Ireland, and England, 
it icularly in Lancaſbire, where they make 


„ ſalt-ſellers, &c. of it. | 
( Pit-coal may be eſteem'd a coarſer kind 
of jet, being mix'd with a large pro ion of 
earth; as appears by the aſhes it leaves be 
hind upon — It might be of great 
ſervice, if an caſy and cheap way were known 
of extracting the oil out of common coal. 


1 1 
: 


5 


for a reſinous juice, ouzing from poplars and 
firs, frequent- on thoſe coalts, and diſcharged 
into the ſea ; where D ſome altera - 

Pi pitch. is a fort tion, it is thrown on ſhore in this form: but 
of bitumen, found on the ſurface of the lake the generality of authors contend for its being 

mor, or ſea, i 13 Which a bitumen, which trickling into the ſea from 
tho? at "firſt liquid, yet in the air, ſome ſubterraneous ſources, and there mix- 
and is brought to us in a firm conſiſtent maſs. ing with the vitriolic ſalts, which abound in 
So that it may rather be rank'd thoſe parts, it becomes Pd, or 


Th ( Amber is chiefly found in the Baltic 
neral and the coaſts of Praſſa. Natu- 
the ancient Babylen; and lately alſo in raliſts have been extremely in the dark about 
county of thate!, the oil whereof makes its origin and formation; ſome have main 
an excellent cement; and hence is ſuppoſed tain'd it an animal ſubſtance ; others take it 


of 
f 
if 
F 


; 
a 


ſolid than the /quid firlphurs. thereby ; the reſult of which congelation i 
0} Fer, otherwi called black amber, is amber. But ood axber.is frequently four! 
in digging far from any ſea-coaft, which ſeems 


Jofſy, uniform ſu capable of a good to make It a foſſil. | 
Lew burning almoſt like pitch, and ap. There are ſeveral indications which diſcovet 
t 


where this amber is to be found: the ſurlac 
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.thers there have been 


8. The Oleum terre, 
im into Europe, 


The Theory f CunMisTay. * 
uced in India and deſcribed by Neubovius, is ſcarce Olum terre. 
t kept by the princes of Ala for their own uſes. 


W therefore this be a ſpecies of Petrol, or Napbiba, I will not deter- 
1 that which is bee hither, and ſold under this denomination 
is obtained from the 8 oil of coco- nut mix'd with medicated earths ; 


as I have been inform 


from a very good hand. And conſequently it ought 


rather to be rank'd in the claſs of vegetables. Is not that called Bar agoes-tar, 


prepared after the ſame manner? 


of the earth is there cover'd with a ſoft ſcaly 
ſtone; and vitriol, in particular, abounds there. 
Amber —— I as of 
of a , an „a pea, Oc. among o- 
— 9 well 
form'd, and even Hebrew and Arabic charac- 
ters ; within ſome pi of amber have like- 
wiſe been found leaves, inſects, c., this, 
with ſome, paſſes as a proof that amber was 
originally in a fluid tate ; tho? others rather 
account for it, by ſuppoſing the amber to have 
been expoſed to the heat of the ſun, and by 
that means ſoften'd, ſo as to receive the leaves, 
inſects, &c. which opinion is countenanced 
by this, that thoſe hete matters are 
ſeldom found in the centre of the piece, but 


| near the ſurface. , 


The amber which we commonly meet with 
is a bituminous, hard, dry, tranſparent, tough- 
iſh, tho' brittle- ſubſtance, either of a white, 

ow, or duſky brown colour, of an acidiſh, 
ituminous, and ſomewhat ſtyptic taſte, and, 
when warm, of a peculiar fragrant tartiſh ſmell, 
reſembling that of a mouldy lemon. It is '&- 
lectrical, and ſeems to have given that name 
to other ſubſtances which attract light bodies. 


When its natural hiſtory, nature, and pro- 


Ambergreaſ/e pn one ii 


| Claſs of bituminous ſulphurs, tho? there are 


various opinions as to its origin ; ſome take 
it for the excrement of a bird, which being 
didlolv'd by the ſun's heat, and waſh'd off the 
ſhore by the waves, is ſwallow'd by whales, 
who return it in the condition we find it: o- 
thers imagine it a ſort of gum, which diſtil- 
ling from trees, drops into the ſea, where it 
congeals into ambergreaſe. Others fu 


of the ſea waſhes off the rocks 3 where, bein 
lighter than wo it floats : others coprend 


fall into the ſea from. the where. th 
bees had rad rocks, where the 


2 


Aa is upon a bed 


and is ſometimes contained in them. 


_ particularly; thoſe of 
of Good Hope to the Red-Sea, and the adjacent 
iſlands ; in ſome places of the Mediterranean, 
and the iſland of Bermudas. It is a light, ſo- 
lid, grey, tallou · like, marbled ſubſtancs. Tis 
moſt probably a kind of bitumen, flowing out 
of the earth, ia a liquid form, into the ſea ; 
Where it hardens, and floats on the ſurface, 


of 


perties, come to be well confider'd, it pretty 
clearly ap to be originally a bituminous 
mineral juice, form'd in the earth, being at 
firſt in a liquid ſtate, but afterwards Con- 
denſed, or harden'd. | In fome of France, 
and particularly in Provence, it is dug from 
mountains; and ſo it is in La and Sicily; 
tho' this is only a coarſe dark - coloured and 
indifferent ſort. The beſt is found in rug. 
Hartman, who has given a good hiſtory of 
amber, judges from 'P ænomena that all Pruſ- 

bitumen, or matrix of 
amber, which ouzes out large quantities of 
this mineral, ſometimes nearly up to the 
earth's ſurface, eſpecially about the ſea- coaſts. 
But intermix'd with the amber are found a 
kind of mineral trees, differing in their tex- 
ture from the common vegetable kind, as con- 
ſiſting of flat plates lying upon one another; 


and from theſe Hartmar preſumes the amber 


proceeds ; it being ſeldom without them, 
Nr 


Its mechanical uſes are ſeen in cabinets, 


toys, utenſils, and the better kind of varniſh- 


ing. In medicine tis eſteem'd good againſt ner- 
vous diſorders, convulſions, the fevr albus, &c. 


- . : : l 
; " : > vn Lf | 
110 APP EN * *. Minne i 
N N A | | DI: : "7 [ | NME. 41 
1 


ing ſeen pieces helf eaſe, half 
9 Laſtly, others will have it a 
ſort of a bituminous juice, 


ö which ſprings out 
of the bottom of the ſea, as naptha does out 


of ſome. ſprings,' and there thickens and 
hardens. 


A aſe. is found. on the. ſea-coaſts'; 
rica, from the Cape 


thrown upon the ſhores. In the middle 


or is throws 
of the Tumps, which are ſometimes very large; 


a 21 * 1444806 w 
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© Stones, thete ..* 1. 4 Stone is a hard foſſil body, not ductile, but brittle, fix'd in the fire, and 


character. 


termediate kind between vul 
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te not eaſily fuſible thereby, nor diſſolvable in water (2). By which marks, 
ſtones are accurately diſtinguiſhed from metals, ſalts, and ſulphurs (x). Stones 


we frequently find ſtones; ſhells, bones, Hr. 


It melts over the fire into a kind of yellow 


roſin. It is inflammable, and ſoluble in ſpirit 


of wine ; only leaving a black bituminous 
matter behind, which the ſpirit will not take 


up. 
| | | Tts uſes, g ” 
'Tis much uſed by the perfumers, as giv- 
ing a rich ſweet odour in mixture, _—_ ly 
with muſk. In medicine it is eſteemed a hig 
cordial. The beſt is that which is clean, of 
a light grey colour, a ſtrong ſcent, and, when 
pricke'd with a hot needle, ouzes out an odo- 
rous liquor, 1 


( Nor in oil. N | | 
Natural 2455 of gems in general. 

- (x) Stones are diſtinguiſh'd from metals by 

being fiable ; which is a property that even 

diamonds themſelves are not without: they 

are diſtinguiſh'd from ſalts by not diſſolving 

4 water ; and from ſulphurs by ot fufing in 

e fire. 

2. flones, called alſo gems or jewell, 
are hard, tranſparent, and of a beautiful co- 
lour, or water. | 

The diamond, or adamant, is the hardeſt, 
and moſ}/ tranſparent of alt bodies; it may 
be added, the moſt 5 
too: ſo that the diamond ſeems to be that a- 
mong ftones, which gold is among metals. 
The pſeudo-diamond 1s ſufficiently pellucid, 


compact, and weighty ; but not ſo hard, nor 
capable of the 1 and poliſh of the true 
diamond. ] 


Some naturaliſts make more minute divi- 
Hons of ſtones : Biſhop Wilkins conſide ring 
ſtones in reſpect of their value, makes an in- 
and precious, 
viz. middle · pria d. He likewiſe divides pre- 
cious ſtones into more and 4% tranſparent. 
The 4% tranſparent he diſtinguiſhes by their 
colours: into red, as the ſardin and corne- 
lian ; pale fleſh colour, like that of a man's 
nail, as the onyx ; bluiſh, as the turquois ; 
pale purple, as the chalcedony ; and thoſe of 
various as opal and cat's-eye. 

The more tranſparent he diſtinguiſhes into 


- ifuch as are colourleſs, as the diamond and 


white ſaphir; and coloured, which are either 
red, as the ruby, carbuncle, and  granate ;. 


Phil. Tranſact᷑. Ne. 182. 
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ſomewhat more 


| | ſeem 
yellow, as the chryſolite and topaz ; green, 
as the emerald, ſmaragd and beryl ;' bluiſh, 
as the ſaphir ; and purple or violaceous, as 
the amethyſt and hyacinth. 

Dr. Wazaward chuſing to conſider ſtones, 
not in 2 of value, which is arbitrary 
and extrinſic, but of ſomething that belongs 
to themſelves, divides them into thoſe found 
in larger maſſes, and thoſe in fer maſſe: ; 
which latter he ſubdivides into ſuch as 4% n: 
excted marble im hardneſs, and ſuch as do ex- 
ceed it. Theſe laſt n.ake the claſs of preciou 
flones in the other diviſions. He divides them 
reciſely into opake, ſemi- 
opake, and tranſparent. (1) The pale are 
either of one colour, as the turquois ;; or of 
various colours, as lazuli and jaſpar. (2) S- 
mi opake, either have their colours permanent, 
as the agate, chalcedony, onyx, ſardonyy, 
cornelian, and beryl: or their colours war, 
according to the poſition of the light, as the 
oculus cati, and opal. (3) Tranſparent flor: 
are either with colours; as the topaz and ja- 


cinth, yellow, or partaking thereof ; gin. 
nate, ruby, and amethiſt, red ; ſaphjr, water- 
ſaphire, and aquamarine, blue; emerald 
or chryſolite, green, or partaking thereof; 


or without colours, as' the eryſtal, _ 
diamond, white ſaphire, and diamond. 

Dr. Slare ſeems to make the ſpecific gra- 
= of ſtones their adequate ſtandard ; as our 
author does in metals. He f. of ſeveral 
bodies which appear, in all reſpects, like 
ſtones, and are commonly rank'd as ſuch; 
but which, by the hydroſtatical ballance, ar 
found to want of the neceſſary weight; ſuch, 
e- gr. is Chalk, and various other bodies taken 
for granted to be ftones ; ſome of which ar 
nearer earths than ſtones, and others nothing 
but earth, fulphur, and metal. Of the for- 
mer many ſhort of the ſtandard of ſtore, 
and others exceed it: whereas true ſtones, 
15 1 he, though differing much in hardne6, 
whether peb es, flints, petrified waters, &c- 
anſwer the ſame ſtandard of ſpecific gravi!) 
as a diamond does: which is to that of water 
as 2 f to 1. 

The hydroſtatical ballance, ſays Mr. By! 
is of prime uſe in diſcerning genuine 
from counterfeit, which too often paſs for 
true, 'to'the prejudice of phyficians and the! 
AGES 115 IVST ee - patient), 
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| The Theory of CnnMis Tay, 
' ſeem commodiouſly reducible to three kinds; viz. tranſparent, ſemi-tranſpa- Species. 


rent, and opake. 


patients, and the loſs of lapidaries ; for, as 
there are, perhaps, no qualitics of bodies 
more eſſential than their ponderoſity, ſo there 
is ſcarce any, wherein impoſtors find more 
difficulty to make a notable alteration, with- 
out being diſcover'd. In ſeveral caſes, indeed, 
tis not very difficult to alter the ſpecific 
weight of a particular body; yet it may be im- 
pradlicable to make any conſiderable alterations 
in the quality, unleſs by ſuch additions and 
operations as will cauſe a ſenſible alteration in 
ſome other qualities, and ſo ſubje& the cheat 
to a diſcovery, He proceeds to give inſtances 
of diſcoveries he himſelf had made by this 
means 

Many authors, not only among the ancients, 
but the moderns, are full of the virtues and 
medicinal properties of precious ſtones ; but 
their — in this reſpect, is now not 
a little fallen, Yet, as the fragments of ſuch 
ſtones are ſtill preſerved by the phyſicians, in 
ſome of the moſt celebrated compoſitions z as 
there are certain chemical preparations made 
of them ; and as ſeveral perſons of the great- 
eſt candour and experience, have related ſome 
conſiderable effects of certain gems, on their 
own particular obſervations ; and laſtly, as it 
is no way improbable that ſome of the ſoſter 
ſtones may have ſome conſiderable operations on 
the human body; it might be imprudent indiſ- 
criminately to exclude them from any medici- 
nal virtue at all. When much the greateſt part 
of their traditionary qualities are ſet aſide as 
fabulous, there will ſtill remain ſome, on as 


real, and well-warranted a footing, as many of 


our other medicines. 

On ſuch conſiderations the excellent Mr. 
Boyle was induced to give us that extraordi- 
nary piece of the origin and wirtues of gems ; 
the purport whereof is to ſhew, ** That ſuch 
** ſtones were originally in a fluid ſlate, or 
Ware made up of ſuch ſubſtances as were 
** formerly fluid ; and that many of their ge- 
** neral virtues are probably derived frem the 
** mixture of metalline, and other mineral 
** ſubſtances uſually incorporated with them; 
while the great variety, and the particular 
efficacy of their virtues ariſe from ſome 
** happy concurrent ſubſtances of that com- 
mixture ; e, gy. the peculiar nature of the 
impregnating liquor, the proportion where- 
in it is mix d with the petreſcent juice, and 
* the like.“ 

To ſupport this hypotheſis of the virtues 
of gems, fe ſhews that ſeveral of them are 


* Boyle Abr. Vol. II. p. 328, 329. 


and probably a 


(x.) Of 


not ſimple concretions of any petreſcent li- 
quors, — conſiſt alſo of other mineral adven- 
titious parts; which be ar from the ſepa- 
rableneſs of ſuch ſubſtances in ſome ſtones ; 
the ſpecific gravity in others ; and the diffe- 
rent tinctures to be met with in gems of the 
ſame ſpecies, as rubies, ſaphires, granats, and 
even onds, of which ſome are yellow, 
ſome of other colours, and ſome green, almoſt 
like emeralds, There may therefore be in 
ſome numberleſs adventitious corpuſcles ; 
but there is reaſon to think that ſome of theſe 
corpuſcles may be endued with ſeveral pro- 
rties and —— there is a great 
ifference among theſe impregnating particles, 
variety than x known 

by us ; and laſtly, many gems are richly im- 
pregnated with theſe particles: why, then, 
may they not exert ſome power ? This is the 
ſubſtance of what is direal y alledg'd in behalf 


of A 

e ſtreſs of what is obj ected againſt them 
is this, The mineral ſubſtances contain 
are ſo cloſely lock d up, that they can com- 
municate nothing to the body, and ſo can 
have no medicinal operation ; being uncon- 
* querable by ſo ſmall a heat as that of the 
*« ſtomach, and other parts of the body.“ 

Which objection might be plauſible enough, 
to prevent the aſcribing any medicinal virtues 
to them à priori; but can conclude nothing a- 

inſt what is warranted by ſo many facts, and 
obſervations; eſpecially, when there are ſeveral 
particulars, that obviate this objection. For 
a vigorous load-ſtone, tho? frequently harder 
than many „ is known to emit copious 
effluvia ; A proc are many which have been 
found to have a manifeſt and inconvenient o- 
peration on the body, by being wore in the 

ket, or long held in the hand. Mr, Boyle 
— found many tranſparent pebbles, which 
when cut would reſemble diamonds, that 
might be immediately brought to emit co- 
pious and ſtrong-ſcented ſteams. And if elec- 
trical attractions be owing to the effluvia of 
bodies heated by rubbing ; very flight altera- 
tions may ſuffice to precure exſpirations from 
tranſparent gems, many of which are elec- 
trical, and even the hardeſt of all, vis. dia- 
monds, one of which Mr. Boyle kept by him, 
which upon a little friction would attra& 
very 1 AY ; 

To that part of the objection, which pre- 
tends gems not to be di ap the heat 
of the ſtomach, it * replied, that w 
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Tranſparent 


gems. 


Cryſtal. 


ty with in hardneſa, ſolidity, 


222 becauſe when they have 


_ gems, 


— 
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(% Of TRANSPARENT STONES. 
2. Tranſparent Stones, are properly enough called Gems, ſo as to conſtitute 


ſeem ed of a fine 


a Genus; theſe nearly reſemble glaſs, in many reſpects; tho' they ſurpaſs it 
ſimplicity, and difficulty of fuſion by the fire. They 
perfect kind of ſalt and earth intimately mix'd ; as 


glaſs is of ſalt and aſhes fuſed by fire (y). Thoſe gems which are perfectly 
tranſparent, without any mixture of colour, come the neareſt to glaſs. 

3. Cryſtal, ſeems entitled to the firſt place in this claſs ; being a white, pure, 
bright ſtone, capable of cutting glaſs, not eaſily fuſible by fire, formed by a 
certain direction and concourſe of Radii, and Strata (z). 

4. The genuine diamond is a moſt pure, hard, ſolid, tranſparent, glitter- 


ing, precious ſtone; apparently the moſt perfect of all the gems of the hey 


do not know how far the digeſtion of things 
in the ſtomach is owing to heat. Nor is it 
prov'd that. ſuch materials can have no ope- 
ration on the body, without being digeſted, 
1. . in through it without undergoing 
any ſenſible change of bulk, figure, Oc. as 

, when fwallew'd, are Hu yg to do. 

or ſome chemiſts make a ki 


regulus of antimony, which they call —— 
ch 


operation in the body, and are diſcharg'd 
with the excrements, they may be uſed again 
and again for the ſame ſe. Nor do we 
know what: analogy t may be between 


ſome juices in the body, and thoſe mineral 
parts which impregnate gems : for. though 


oculus mundi be reckon'd among the rare 


while t in common water, it will receive 
an alteration obvious to the eyes: Add, that 
Mr. Boyle has, without heat, . obtain'd a ma- 
nifeſt tincture from ſeveral hard bodies, and 
even from a tranſparent ſort of gems. And 
whether ſome juices of the body, aſſiſted by 
the natural. heat thereof, may not ſerve for 


menſtrua to ſome gems, we will not ſay: but 


— on by ＋ oye — of the 1 8 4 
perhaps, of the external parts of the body 
may be able, though not to digeſt precious 
ſtones, yet to fetch out ſome of their virtues: 


for *tis certain, it makes a ſenſible alteration 


in the hardeſt fort of them: witneſs a dia- 
mond of Mr. Boyle's, which might have its 
electric faculty excited without rubbing, only 
by a languid degree of adventitious heat ; and 
another, which, by means of water made a 
little more than luke-warm, might be brought 
to ſhine in the dark. 

Laſtly, if it be objeRed, that 'tis not likely 
gems ſhould part with any effluvia, or por- 


*. See Boyle Abr. Vol. III. p. 99. & ſeq. +. See M. Huygens, and Sir If Newton's Optic? 


of bullets of 
4 


ſomewhat reſembli 
if one of the beſt fort be for a 


* 


tions of themſel ves, as they loſe none of their 
weight ; it may be anſwer d, that the anti- 
monial glaſs and cup communicate a ſtrong 
emetic quality to wine and other liquors, 
ons any ſenſible diminution of 
weight “. . 
(y) This reſemblance ſhould not be much 
ded upon, as a proof that gems-are com- 
poſed by nature after the manner of glaG, 
which is an artificial thing, that differs in ſe- 
veral reſpects from ; ſome of which ap- 
pear plainly flaky, feel ſoft like amber be 
twixt the teeth, with a kind of toughneſ;, 
and both pulverize and endure the fire, in a 
different manner from glaſs. 

(z) Rock-cryſtal is a ſoft tranſparent gen 

ice ;-it ſeems to {hoot 
or grow in a particular figuze,. aſter the man- 
ner of a ſalt ; 9 in the middle, 
and — at both ends. Tis eaſily re- 
duc'd to powder, eſpecially after calcination, 
and quenching in water or vinegar ; and thu 
op bs made the baſis-of artificial gems. But 
the art of making them,. in this manner, to 
perfection, is not generally known; though 
we have ſeen ſome, little inferior to natural 
ſtones, even the diamond itſelf, except n 
22 liar ſ ſl 

[elard cryſtal is a peculiar ſort, conſiſting 
of cryſtalline plates, join'd together, which 
may be eafily ar Ni objects ſeen 
through this cryſtal appear double, on 2c. 
count of the double refraction of the rays 0! 
light +. 

A third kind of cryſtal is that mention 
by. Dr. Lifter in the philoſophical tranſ- 
actions ; having a great ſmoothneſs, tranſps- 
reney and luſtre, nearly reſembling the dia- 
__ It is found in different parts of Eu 


=>, 


. r 2 
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kind; excelling all bodies in the vividity of its reflecting of light; and en- 
during the fierceſt fire for a very long time without melting (a). 
5. Baſtard-diamonds, or P/eudo- Adamantes, of the purer kind, approach 
the true diamond; but are ſofter, leſs ſolid and rape than it, 
e 


6. The white ſaphir is akin to the diamond. T 


ſame may be ſaid of 
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Baſtard dia- 
mond. 


White ſapbir. 


the oriental amethyſt, which is colourleſs, either by nature, or art. And the Ane. 


of diamond (5). 


tranſparency. 


topaz, and chryſolite, when diſcharged of their colour, approach to 


the nature 


The true aſtroites, which in the ſun-ſhine darts rays of 
light from a certain fix d point, belongs alſo to the tranſparent kind. 
theſe the value riſes in proportion to their degree of hardneſs, ſolidity and 


In all 


7. Thoſe gems which, tho? tranſparent, are tinged with ſome beautiful co- 


lour, approach to the nature of the former, only with the addition of ſome 
metalline 22 or other fix d foſſil body; which is intimately mix d and 


incorporate 


with them in their firſt formation: as may be gathered from the 


reſemblance of colours, as well as from the manner of making artificial gems: 
8. To this claſs belong the amethyſt, beryl, carbuncle, chryſolite, gra- 
nate, hyacinth, opal, ruby, 1 pe emerald, topaz ; likewiſe all colour'd 


-  cryſials. And the value of 


« | (a) The diamond is often blemiſh'd, 
: : with white, yellow, or black ſpots, which 
_ = greatly diminiſh the value; whence various 
| ways have been tried to get them out. They 
are of different co white, yellowiſh, 
bluiſh, reddiſh, &c. 
cryſtal plates or /amine, ſomewhat in the 
nature of Jſeland cryſtal 3 ſo that fkilful 
lapidaries can ſeparate them with the edge of 
a knife . They are not calcinable by com- 
mon fire; nor in the focas of a burning-glaſs, 
if only the plain flat ſurfaces are thus expoſed 
to the ſun's rays ; but if the edges of the plates 
are turn'd to the rays, they ſplit, ſeparate, 
and run into a kind of glaſs, which has not 
the luſtre of a diamond. They are chiefly 
found in the Eaft-Indies and Brazil. The 
manner of making artificial diamonds at Paris 
deſerves to be enquired into. 
(5) The faphir comes neareſt to the dia- 
mond in hardneſs, ſplendor, and tranſ 
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ch a 

rency. It is of two kinds, the one pale, call'd 
C the female ſaphir, the other Ake or ſæy- 
of coloured, with a reddiſh, or purple refrac- 
| tion, called the male. Saphires- are brought 
4 from different parts of the Baft-Indier, and 
* ate thence called Oriental ſaphires: others 
— are found in Silga and Bohemia ; and are 
2 called Occidental. The colour of the blue 


ſaphires may be diſchars' 
leave the ode Like —— re, fo ad to 


* See Boyle Abr. Vol. III. p. 144. & ſeq. 


ot: e alſo depends 
ſolidity, purity, ſimplicity, and brightneſs of colour (c). 


iamonds conſiſt of 


clearneſs. 


upon their degree of hardneſs, 

| 1 

A he wreous tr. ; 

ſhort account [496 _— — 2 tranſparent- 
(c) The ruby is a brigtte, tran 


Topaz. 
Chry/olite. 
Aſtroites. 


Value, aobere- 
on depends. 


Value. 


parent, raddy _ 
of conſiderable hardneſs. It is of four 


Finds, differing in degree of redneſs; viz. 
(1) the true ruby, or carbuncle; (2) the 5 
e. but a faint r $ ; (3) the 
rubicullus, of a degree of redneſs betwixt the 
former two; and (4) the ,, which is 
ſofter, and leſs reſplendent than the true ruby. 


The beſt are found in the iſland Ceylan. Some 


to have extracted tinctures from them; 

thou 
155 Id is a beautifull tranſ- 
emera a beauti green, 

t, glittering gem, — — brittle, 

o as ſometimes to crack ſpontaneouſly ; which 
has given occaſion to ſeveral conceits. It is 
either oriental, or occidental ; the oriental is 


by much the beft. The other, which comes 
from Pers, has neither the ſame luſtre, nor 
It is remarkable, that the — 
A clear 


der of this gem, being thrown 


h we apprehend the proofs are not clear 
irect. 


fire, yields a ſubtile blue flame, and loſes its 
colour; whence one might ſuſpect the tone 


to be ti with copper, of a fine m 
ſulphur. This may i 
whether (1) the coloured gems are not ſtain d 


rd a hint for enquiry, - 


with metallic particles? () whether they do 


not confiſt of two 
hu- 
R 2 Feeds 


, viz. one that is ery- 
ſtalline and fix d, and another that is fulp 
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rent. 


Falue. 
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(2.) Of SEMI-TRANSPARENT STONES. 


1. Between 
may be called 
the former. 


ms and opake ſtones we find an intermediate kind, which 
emi- tranſparent; as being of a more compound nature than 


2. The chief among theſe are the agate, ſand, another ſort of Aſfroites, the 
true Armenian ſtone, the toad-ſtone, the cornelian, chalcedony, heliotrope, 


or true oriental jaſ 
mus, Melachites, 


true Lapis Lazuli, Lapis Nephriticus, Leucophthal.- 
nyx, Sardius, Sardonyx, Selenites, and Turquois ; which 


are found different in degree of opacity (d). The qualities which give the 
value to theſe, are alſo ſolidity, hardneſs, tranſparency, and beauty of 


colour. 


(3) Of OPAKE STONES. 


1. The other ſtones are of the opake kind, as the eagle-ſtone, alabaſter, 
Aſveſtos, Belemnites, Gypſum, Hematites, jaſper, jews-ftone,  touch-ftone, 


load-ſtone 


„ marble, whether white, aſh-colour'd, yellow, brown, or black, 


123 both red and green, Opbites, Ofteocolla, pumice, lime-ftone, whet- 


ne, mill-ſtone, flint, Zapis Specularis, emery, talc and tripoli. Amo 


reous and volatile; and (3) whetherthe ca- 
lour'd _ not have ſome medicinal 
virtue, di t their abſorbing quality? 
The is a tranſparent gem, of a 
violet colour, ixt yed and blue, but not 
very vivid: this alſo is ſomewhat brittle, apt 
to crack, and receive ſcratches in the wear- 
ing: whence it is not highly priz'd. Some 
d to extract a tincture from it; but we 
ould remember that certain menſtruums 
will acquire a colour, by ſtanding in. the con- 
taining glaſs without coming in contact with 
any other ſenſible body. 
fopaz was the chryſolithos of the an- 
cients, being a tranſparent gem, of a ſhini 
our ; the orcental are hard, an 
of a beautiful colour, but the European are 
NETS. a 
e opal is a ting a 
great variety of colours, — * to the dif- 
t refrangibility of the rays of light ; and 
thus beſides white and black, it appears ei- 


ther blue, purple, low, or red. 
The beſt ogh comes Gom ia, the ordinary 
ſort from Egypt, Hungary, 3 &c. 


m, in degrees of colour ; ſome be- 
red as cinnabar, others the colour of ſaf - 
fron, and ethers of yellow amber, c. which 
leſs eſteem d. e occidental are better 
than thoſe of Silgia, Bohemia, or France. 


ſardonyx, an opake 


whic 


The chry/olite is a green- colour d gem, fainter 
than — and with a caſt of yellow, 
ſa as ſometimes to appear reddiſh. It is ſo 
ſoft, that it yields to the file. 

But for a further account of ſee de 
Boot, Mr. Boyle, and Dr. Woodward. 

A Hort account of the more curious ſemi- 

tranſparent flones. 

(% The Armenian ftone is of a blue colour, 
ſomewhat opake, brittle, ſpeckled, or mar- 
bled, with blackiſh and gold-colour'd ſj 
like the /apis lazuli, which differs little from 
itz and they are often found together in the 
ſame matrix, and. uſed indiſcriminately for 
_ other. The painters employ it as a fine 

The /apirlazuhi, or azure ſtone, is an almoſt 
opake, hard, blue tone, full of veins, and 
ſpots of gold and filver. It is of two ſorts, 


oriental or occidental ;. the firſt is the fineſt, 


and affords the ultramarine, which never 
changes its colour, whereas the German ſort 


is apt to turn green in painting. The beſt 6 


that of a ue colour, 
hard to break, and capable of 
fire "> agent alteration. ; 3 
x among the j ers is ia 
= - — wherein a black, 
or dark blue ground, is encompaſs'd by 2 
white circle. There is alſo a tranſparent o 
nyx, reſembling the colour of a man's. nail 
from. whence the name appears to proceed. 


led with gold, 
enduring the 


c ROT: 


Of the origin and growth of flones. 

e The origin of ſtones is a point of cu- 
rious enquiry, and has accordingly been pro- 
ſecuted by ſome of our later naturaliſts. Boyle, 
Teurnefort, and Geoffroy, have diſtinguiſh'd 
themſelves in this relearch. 

M. Tournefort deduces ſtones, and other of 
the foſſil tribe, ab ove. Nature, according 
to him, obſerves one general law in the pro- 
duction of plants, ſtones, and metals, which 
all equally ariſe from their ſeveral ſeeds, and 
grow alike. This ſentiment indeed is not 
one new: Pliny aſſures as that Mutianus and 

ophraflus maintain'd that ſtones produced 
ſtones. But M. Tournefort ſets the fyſtem in a 
new light, and ſupports it by arguments they 
were ſtrangers to. In the walk of the laby- 
rinth of Crete, which are of living rock, a 

t number of names have been cut by per- 

ns who have viſited the ſame ; which names, 
tho' originally dented, or in creux, are now 
found in baſſo-relievo, ing out f of an 
mch from the face of the rock. Now this, 
he argues, could not otherwiſe happen than 
by ſuppoſing the dents gradually filled up 
with ſome matter ouzing out of the rock, and 
which even ouzed more plentifully than was 
neceſſary for filling the cavity. 'T his matter, 
therefore, muſt have come from the body of 
the ſtone, and have conſolidated, or healed 
up the wound made by the knife or chiſſel, 


as the callus form'd on a fraQtur'd bone by 


the extravaſated nutritious — of the bone 
fills up the fracture, and ri ond the ſur- 
face of the bone. The like is obſerved in the 
darks of trees, cut in the fame manner. Laſtly, 
the like conſolidations were ſhewn by M. 
Tournefort to the royal academy, in other 
ſtones, as the etites, or eagle's ſtone, and 
fome others freſh dug up. From the whole 
he concludes, that ſtones grow in the quarry; 
that, of conſequence they are fed ; and that 
the ſame juice which feeds them, ſerves to 
rejoin their parts when broken; and, in a 
word, that they are organiz'd, and draw their 
nutritious juice from the earth, thro' their 
furface, which filters it, and ſerves as a ſort 
of bark. The progreſs and diſtribution of 
ſuch juice thro all parts of ſo hard a body, 
he adds, is difficult to conceive ; but not more 
ſo than that of the juice of ſome trees of very 
— 9 ea that of Bra fil, called — 
t oF ebony, or even co which 
to be a — 21 A. 
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which there is a diverſity of nature, as ſome are more diſpoſed to turn to 
glaſs, and others to a very fix'd Calx in the fire (e). 


Of 


Hong found that ſome ſtones grow like 
plants, the analogy led M. Towrnefort to ima- 
gine they might be propagated alike; and 
there are ſome ſorts, whoſe tion can 
ſcarce be accounted for without ſuppoſing 
them to have _ _ ſort of ſed; i. 2 
from a , wherein organi 

ſuch — were contain'd in little; — 
of the largeſt plants are in their ſeeds. The 
cornua Ammonis, lapis Judaicus, aftroites, en- 
trochi, toad · ſtone, cryitals, the ſeveral ſpecies 
of pyrites, ſea-muſhrooms, and infinite others, 
ſuppoſe their particular ſeeds, as much as 
common muſhrooms, truffles, and divers ſpe- 
cies of maſs do, whoſe ſeeds were never yet 
diſcover'd. 

The cornua Ammonis, ſor inſtance, is con- 
ſtantly in form of a volute, and the 4h Ju- 
daicus of an olive fluted without fide : now, 
whence this uniform ſtructure, unleſs from a 
ſeed containing it in embryo * Who moulded 
it ſo accurately ; and where are the moulds 
it was faſhion'd in? Nothing like them ever 
was found, even where the ſtones are in great- 
eſt abundance. Boot, after numerous enqui- 


ries about the regular figure affected by cry-- 


ſtals, concludes, it is as natural thereto as 


that of the leaves and flowers of any plant 3 
and aſcribes the whole to an architectonie ſpi- 
rit, and a kind of faculty, which he calls forma- 
trix. But is it not better to ſuppoſe they 


have a kind of eggs; and that the juice they 
© derive from the rocks to which they grow, 


does, as it were, hatch, and extend them to 
their deſtin'd bulk > Laſtly, that immenſe 
tity of round pebbles,. wherewith the 


ran of Arles is cover'd, for ſeventy. miles 


round, ſeems to require the ſame origin; and 
— Pab. de Piereſe, who held that 
ſtones aroſe from ſeeds, though in a different. 
manner from M. Tournefort, look'd on this. 
plain as a convincing proof of his opinion “. 
But this doctrine ſeems, in meaſure, 
obviated by Mr. Boy/e, who undertakes to- 
ove, that in parti 
nally in a ſtate of fluidity. This he argues: 
from a great number of conſiderations :. as 
(1) The —— of thoſe ſtones; which 
is a quality depending on ſuch an order of 
the conſtituent paticles, as cannot well ariſe. 
without ſuppefing them originally a——_y of. 
being moved with the impulſe, and- 
of giving way to the rays of light. (2). The 
fgure, which in many is determinate, and 


„ Were orig 
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Characters of To this laſt claſs we ſubjoi 
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Of EARTHS. 


n earths ** whichare native foſſils, uſually ſomewhat 


t unctuous, ſo that when mixed up with water, they may be wrought into a 
* paſte, and hence denominated boles, but not ſoluble either by water or 
« fire.” Such are Argill, or white clay, Axungia Terre, or Axungia Lune, 


geometrical, bearing a near to the 
cryſtals which we ſee ariſe from the diſſolu- 
tions of nitre, alum, vitriol, or the like in 
water. (3) The texture, which nearly re- 
ſembles that of ſeveral coagulations of bodies 
formerly fluid. Thus, diifolved ſalts, filver, 
c. are found to coagulate into maſſes of a 
thin flaky contexture; and the like texture. 
Mr. Boyle has obſerved in divers gems, which, 
even to the naked eye, have appear'd full of 
parallel commiſſures, made by the contiguous 
edges of little thin plates of tone, lying one 
.over _— _ w__ _ —_ — 
little d. Add, that the microſcope diſ- 
— . el ſtructure, even in the moſt 
of all, the diamond ; whence pro- 


ceeds what they call the grain of thoſe ſtones, 
and the difficulty, nay im poſſibility of cleav- 
ing them againſt this grain without break- 
ing. (4) The colours of many of them ap- 


pearing to be adventitious, and deriv'd from 
— nging mineral, which could not be 
ſo well imparted to them, unleſs in a ſtate of 
fluidity. ingly, many gems have been 
depriv'd of their „by continuing long 
in the fire ; and the experienced Boot 
that this will hold of all gems, except the 
Bohemian granat. Hence it is that the fire 
alters the colours of many gems, after the 
ſame manner as it does thoſe of divers foflil 
igments. Add, that ſome gems, which the 
—— without ſcruple, affirm to be of 
the claſs of rubies, ſaphires, &c. are either 
colourlefs, or have difterent colours from thoſe 


which ufually to' them. (5) From 

— tly found 

— 42 . — flies, ſtraws, 
„drops of liquor, c. 

The fuid date of ſtones then ſeems almoſt 

teſtable * and accordingly M. Tournefort 

imſelf is forced to allow of it in ſome caſes. 

He even makes uſe of the notion, to account 

for the formation of divers uniformly — 

ſtones, as the ſpecies of pechtinites, conchites, 

| ite, oftracites, nautilites, echinites, &c. 

e fluid ſeeds of theſe ſtones he ſuppoſes 

to have been received into the cavities of 


their correſponding ſhells, the peer, con- 


cha, mytulus, oftrea, nautilus, echinus, &c. 
and thus moulded into the figures wherein 


Cimolia, 


we ſee them. Nor does Mr. Boyle himſelf 
confider the liquidity of ſtones as inconſiſtent 
with their ariſing from a ſemen: I there be a 
ſeminal and plaſtic power, ſays he, in fones, 
why may it not be harbour'd in liquid princi- 
ples; when we ſee that the ſeed of animal; 


from which ariſe hard ſolid bones, is at firſt a 


fluid? In reality, a ſeed may be contain'd in 
a fluid vehicle ; which we ſuppoſe is the caſe 
in animals: but the proper ſeed, or ſtamen 
itſelf, muſt inevitably be a ſolid, according to 
the notion of a feed, which is nothing but a 
little organiz'd body, wherein all the parts of 

future production are contain'd in ſmall ; 
the production itſelf is only the ſeed enlarged, 
ſo as to ſhew its ſeveral parts to the eye. But 
fluidity is inconſiſtent with any ſuch organi- 


Zation. 

Monſ. Geoffrey ſuppoſes, that earth alone, 
without any . — of ſalts, ſul phurs, 
or the like, is the baſis of ſtones, and the 
only matter neceſſary to their formation; 7. -. 
the earth may be mix'd with falts and ſul- 
phurs, as we find it is in many ſtones, but 
this is not abſolutely required; tis only by 
accident that it does happen, and there are 
other ſtones without any at all ; as the com- 
mon ſtones of quarries, white flints, &c. 

Earth, according to this philoſopher, con: 
fiſts of two kinds of primitive z the one 
in very thin equable plates, | na other in all 
kinds of 1 * figures. When the parts 
of the firf kind meet together in a ſufficient 

ity, the regularity and equality of their 
gures, determines them to range themſelves 
in a regular and fimilar manner, and thus to 
form a homogeneous compound, which, at 
the ſame time, muſt be very hard, on account 
of the immediate contact of its parts, and 
tranſparent, by reaſon of their r diſpo- 
ſition, which leaves a free paſſage for the light 
_ way: and this is cryffal ; which accor- 
dingly is look'd upon as the moſt ſim ple, pure, 
homogeneous of all precious ſtones. 45 

to the terreſtrial parts of the ſecond kind, they 
can only form opake and ſofter aſſemblage. 
Cryſtals, therefore, being alone form'd of 
the parts of the firſt kind, all other ſtones 
muſt ariſe from a mixture of both. Thoſe of 
the firſt unite and bind together thoſe of the 


_——. F ä — 
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1292142 wet. . A I 


The Theory of CHEMISTRY: 


Cimolia, fullers-earth, boles white and Armenian; the Chian, Eretrian, Lem- 


nian and Malteſe earths ; ruddle; Samian, Selinufian, Tocavian, and all the 
ſcal'd earths. But there are others of a dryer, and leaner kind ;; as chalk, 


echre, and marl(f). 


ſecond ; (which without them would be no 


more than ſand or duſt) and give them hard- 
neſs and conſiſtence. 

TY explain this, he obſerves, that water is 
a proper vehicle for the conveyance of the ter- 
reſtrial parts of the firſt kind; as petrifyi 
waters line the pipes they run thro), — 
over other bodies laid in them with a cruſt of 
tone, Strictly ſpeaking, the water does not 
diſſolve theſe earthy parts : it only keeps 


them in fuſion, as it does the juice of many 


—— - lants. Ras — reſemblance, he 
calls theſe ec line, or flony juice. 
This juke is — 424 than 
water ; and conſequently does not eyaporate 
with it, but is left behind 7 and thus is the 
formation of 4 a perfectly like that of 
the cryſtals of ſalts. For theſe cryſtals only 
ariſe with thoſe regular figures they affeR, as 
when a water imp ted with falts is lowly 
evaporated in a moiſt place: the evaporation 
of the water is neceſſary, that it may not 
keep the ſalts too far aſunder ;- and the flow- 
neſs of the eva ion, that the ſalts ma 
have time to that arrangement, which 
agrees beſt with their reſpective figures. The 
2 of this to rock · cryſtal is obvious: 
re needs but to conceive that a water, 
charg'd with a quantity of cryſtalline juice, 
had inſinuated itſelf thro' the clefts of ſome 
rock, and fallen to the bottom of a grott, 
where the aqueous part gradually evaporated. 
It muſt be conſider d, that this cryſtalline 
Juice 15 not equally diffuſed in all parts of the 
earth, ſo that rock-cryſtal would not ariſe in 
all places, even ſetting aſide the neceſſity of 
other concurrent circumſtances, which do not 
often meet. If the water impregnated with 
this cryſtalline juice happen to penetrate a 
maſs of earth, which is the moſt uſual caſe, 
ie will connect, or bind together the parts 
thereof, by means of this Juice ;-and after- 


wards, in proportion as the watery part eva-- 


Porates, the compound will grow harder, 
and at laſt become ſtone, Add that it will 
. NN nearer to the nature of cryſtal, i e. 
will be more hard and tranſparent, accordin 

as the gm" of that juice is greater: 0 
at the ſame time of a finer grain, according as 


the molecules of the earth are. ſmaller and 


more homogeneous. Of this kind are marbles 
ard. alabaſters, in ſome of which one may 


Gſcera. veins or threads, as tranſparent as if 


of 


they were wholly cryſtal. The ſtones moſt 
222 hereto, and moſt imperfeR, are chalk. 

boles ;; which are little elſe but earth ill 
bound together, with a very ſmall _—_y 
of cryſtalline juice; which leaves them ſti 
friable. Tis eaſy to imagine infinite degrees 
between theſe. 

The particular circumſtances which attend 
the formation of ſtones, vary the effect of 
theſe general principles divers —_ For in- 
ſtance, if a portion of this cryſtalline juice, 
diluted ind water, chance to ſurrounded 


with earth, and the juice be not in quantity 


ſufficient to petrify the whole earth, as faſt 
as the water evaporates ;- there will ariſe a 
maſs, partly cryſtalline and tranſparent, and 
artly opake, diſſimilar, and earthy. If the 
R cryſtalline juice be in the middle of the 
maſs, only the middle will be tranſparent, 
and cover'd over with an opake cruſt. Such 
are agats, c. On the contrary, if the cry- 
ſtalline juice be, by any cauſe whatever,- 
driven tom the centre toward the circumfe- 
rence, there will be a pure earth in the mid-- 
dle of a ſtone, tolerably tranſparent ; ſuch are 
ſeveral 1 % 75 * 
atural hiſtory of ſand, 

(f) Sands are properly little» cryſtals, or 
Semi tranſparent pebbles, that by the addition” 
of a fix'd alcaline ſalt are fufible and con ver- 
tible into glaſs; and therefore to be compre-- 
hended under ſemi-epake flones. 

"Tis the character of ſand to be indiſſoluble, 
and retain its figure in water, and not to be 
calcinable by fire, as flint and other ftones - 
are; and yet it agrees with flint and fome- 
metals in ſtriking fire with ſteel ; though this 
only holds of the proper or mountain ſand ; a 

reat part of what commonly paſles for ſand, 
Fein not originally ſuch, but only a duſt or 
powder, ground or broke off other ſtones by 
attrition ; and called ſand from the ſmallneſo, 
little coheſion, and dryneſs of the grains. 
Dr. Lifter obſerves, that the real ſand is of a 
conſtant figure, and always preſerves its ori- 
ginal magnitude ; and from the great hard- 
neſs, durableneſs, and unalterable quality of 
this foſſil above all others, bs Ap with ſome 
other conſiderations, concludes it to have an- 
ciently been the exterior, and moſt general 
cover of the ſurface of the whole earth. He 
divides the Exgliſb ſands into two claſſes : the 
firſt, Harp. or-rag-/end, , conſiſting of ſmall? 
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fer. 
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Of SEMIMETALS. 


1. The ſeventh claſs of foſſils, comprehends thoſe which either contain the 
known, true metals, or elſe bodies ſo near akin thereto, that they may almoſt 
| paſs 


tranſparent pebbles, naturally found on the 
mountains, and not calcinable ; and theſe he 
further divides into fine and coar/e ; ſubdivi- 
ding each according to their colours, into 
white, , reddiſh, brown, Sc. The ſe- 
cond, % or ſmooth ; which he ſubdivides 
into one with fat particles, broke from lime- 
ſtones; another with Aver - lite particles, and 
a third with gel- lile particles *. 

It ſeems to be the office of ſand to make 


unctuous earths fertile, and fit to ſupport ve - 


8 Sc. For earth alone, we find, is 


ble to coaleſce, and gather into a hard, 


coherent maſs, as appears in clay ; and being 
thus imbodied, and as it were glued toge- 
ther, is no way diſpoſed to nouriſh ta- 
bles. But if ſuch earth be mix'd with fand, 
its are thereby kept open, and the 
earth itſelf looſe, ſo as thus to give room 
for the juices to aſcend, and for plants to 
be nouriſhed thereby. A vegetable planted 
only either in ſand, or in a fat glebe, or in 
earth, receives little growth or increaſe; but 
a mixture of both renders the maſs fertile. 
In effect, earth is in ſome meaſure made or- 
2 by means of ſand ; pores and ſpaces 
2 anal to veſſels, being hereby 
maintain'd, by which the juices may be con- 
vey'd, — „ digeſted, circulated, and at 
iſc ; as will hereafter be ſhewn 
in treating of v les. 
flory of earths. 


flory | 
Earth is an infipid, opake, fil body, indi/ſolu- 


2 "ric agg! or air, more fufible than tone, 


£2 4 , and 47 omewhat untuous. 
ir are divid 2 le ia mA 
compound ; tho aps there is no ſuc 

* mano proc fim ry Mr. Boyle hav- 
ingobſerved that neither nature nor g 7 ok 
to afford any elementary earth ; at leaſt ſome 
which ſeem of the ſimpleſt ſorts are found 
upon examination to have qualities not aſ- 
crib'd to oy earth +. 

To the firſt kind are reducible chalk, which 
is the fimpleſt and drieſt of all artbs, as hav- 


ing no diſcernible fatneſs at all, and 2 
e - 


to be denſe and brittle, readily ſtains t 


gers, and ſticks to the tongue without any a- 
ingency, Different ki 
under the denomination of chalk ; _ 


which thoſe uſed in phyſic are the white chal 
and red oker. The beſt white chalk called 


See Phil. Tranſact. No. 164. 


of earth come 


, 


terra Cretica, was formerly brought from the 
iſland of Crete ; but is now found in ſeveral 
other countries. It drinks up, and ferments 
with acids; and is therefore ſucceſsfully uſed 
in acidities of the firſt paſſages, and particy- 
larly in the heart-burn ; it ſoftens the acri- 
mony of the flaids, and checks the violent 
motion of. the bile, and conſequently proves 
4 yes in Left kinds of fluxes — Under 
this ies of ea ice, rotten-flone, &c. 
ma 2 1 

The ſecond, or the compound kind of 
earths take in the different boles, as the re, 
white, and brown ; moſt clas; eſpecially all 
the fat ones, which are wrought up and Gel 
into potter's ware; fullers-earth; the ſeveral 
kinds of medicinal earths, and ſome marls. 

Bole is a ponderous different-colour'd earth, 
fatter than marl, but leſs fat than clay, ſome- 
what ſoluble in the mouth, of a rough taſte, 
and ſtains the fingers. Only the Armeniar 
and common bole are employ'd for medicinal 
N z being accounted aſtringents and 

ſtners of acrimony, when internally given; 
and drying and aſtringent in outward appli- 
cation. 

Clay is a ponderous, denſe, fat, viſcid, and 
ſlippery earth ; and being held for ſome time 
in the mouth, leaves an impreſſion on the 
tongue, ſomething between that of ſoap and 
fat, When freſh dug, it may be moulded into 
any figure, like ſoft wax; and by fire be 
chan to a ſtony hardneſs. The ſpecies of 
clay are almoſt numberleſs ; ſeveral of which 
ſhould ſeem to deſerve the title of ſimple 
earths; tho* on a ſtrict examen they appear 
very compound, Thus Mr. Boyle thinks to- 
bacco-pipe clay, by reaſon of its fixity, white- 
neſs, and inſipidity, may with almoſt as much 
probability, be accounted elementary, as any 
other native earth ; and yet — 
well baked, may ſometimes be made to itrike 
fire; and we have frequently found, that two 
pieces of new tobacco-pipe, being briſkly 
rubb'd together, would in a minute or two 

warm, and being immediately ſmelt to, 
manifeſtly afford a rank ſcent, between ful- 
phurous and bituminous ; almoſt like that 
which proceeds from pebbles and flints rubb d 
hard again each other; as if tobacco pipeClay 
were not a true earth, but a fine white fa , 
conſiſting of grains too ſmall to be geo 
| een. 


+ See Boyle Ar. Vol. III. p. 452. 
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paſs for the ſame; nay, and by good authors are referred thereto. The leaſt 
compound of theſe may be properly reduced to three kinds. 


nitre, or ſea- ſalt, are rarely met with there. Whence we ſcarce find any ſuch 
thing as diſſolved or concrete juices of gold, ſilver, mercury, lead or tin, and 
never in any large quantity. Tis true the metalline part of lead may be diſ- 
ſolved by a weak acid; but then it is ſcarce reducible into eryſtals: inſtead of 
which, letting go its acid, it immediately turns into powder of ceruſs: and 
the ſame holds true of tin. N | 

2. All foſſil vitriols, therefore, hitherto diſcovered, conſiſt either of iron 
or copper. Not but the ſmall fragments or duſt of other metals may chance 
to be mixed with vitriol, when in a ſtate of ſolution, and thus grow into a 
maſs therewith ; but that other metals may equally be diſſolved by the ſame 
ſolvent, and intimately united therewith, does not appear. 

3. Iron and copper have the fame folvent, viz. an acid, which may be 
ſeparated therefrom by a ftrong fire; and this acid is known by the name of 
ſpirit, or oil of vitriol: the ſame may alſo be procured by art, — alum, or 

| collected 
or bluiſh tobacco- pipe clay, and a red 


s Semi-metals Species. 
compoſed of a true metal combined with a ſalt z which are uſually known by Virrioli. 
the names of A!ramenta Sutoria ; ( balcantba; and vitriols. Theſe again are 4rramenta 
of two kinds: ſome wherein the ingredient-metal is iron, diſtinguiſhable by /toria. 
their green colour; others whoſe ingredient metal is copper, remarkable for Ca/cantha. 
their beautiful blue colour. For the other metals, it does not appear they un- Bo iron. 
dergo any diſſolution in mines; as their ſolvents, being the acid ſpirits of Nom canher. 


+. ar a Ln ont e 


ſen. The ſame author obſerves, that por- 
cellane, or the matter whereof China diſhes 
are made, is a pure fort of clay, which yet is 
ſometimes ſomewhat fuſible in a violent fire ; 
and will ſtrike fire with ſteel, almoſt like a 


flint ; to which it a hes in ſpecific gra- 
vity. And the like been found to obtain 
m an imitation of porcellane with a ſort of 


Bagh clay ®, 

—— ce grey. aaſ-66 
extenſive as earth itſelf ; dividing clays into 
two grand claſſes, under the titles of pure 
and mix'4. The former are ſoft and ſoluble 
in the mouth, and have little or no grittineſs ; 
and theſe are ſubdivided into grea/y, which 
include the medicinal earths, or terre figil- 
late, as fuller's earth, yellow, brown, and 
whey boles, cow-ſhot clay; and a dark 
= clay: harfs and dufly, when dry, as 
ts Properly ſo called, or the milk-white 

y of the iſle of Wight ; potter's clay, yel- 
low, blue, and red: and fory, when „ As 
the ſeveral ſorts of ſtone clays, and clunch. 
-M. clays he ſubdivides into thoſe with 
jones fand or pebble ; as the yellow loam of 

iþworth-Moor ; the red ſandy clay near Ri 
pon, &c. and thoſe with flat or thin 
glittering with mice ; as crouch-white clay, 


Ns 


gere Byle Abr. Vol. III. P. 422, & 423. 8 


grey 
clay in the red ſand · rock at Rotheram . 
The medicinal earths are very numerous, 


and by ſome comprehended under the ſpecies 


of clays ; their virtues being nearly the : 


a hiſtory of them has been long expected 


with impatience. 

Marles Jikewiſe are of different kinds and 
various colours : the earth, generally known 
by the name of marle, is a light friable ſub- 
ſtance, of a middle nature between clay and 
chalk, but neither ſo fat as clay, nor ſo denſe 
as Chalk; and ſticks to the tongue. 

There are many other ſpecies of com 
earths. For Yanochio, an eminent Hallau 
mineraliſt, informs us, that a ſort of reddiſh 
earth _—_ _— _ —. — 1 Mr. 

& has found fi rd cryſtals to grow 
＋ red earth; and be had a whitiſh earth 
ſent him from the North of England, which 
contain'd a large quantity of lead. An ex- 
perienced writer on the gold and ſilver mines 
of _—_— ge wo gold itſelf is boo 

ently diſgui a a 
til earth. And our 20s eber are 
richer in iron even than ſome ores of that 


- 


| + See Phil. Tranſa#?, No. 164. 
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collected from the fumes of burning ſulphur. Add that vitriols and ſulphur 
are generated and produced from the fame matrix, viz. the Lapis Pyrites 
abovementioned z which being dug up, expoſed to the air, diſcharged of its 
redundant ſulphur, nd to powder, and diſſolved in water, is left to ſhoot 
on ſlips of wood. Otherwiſe, it may alſo be produced immediately from the 

ancient Miſy, by a natural ſolution and cryſtallization. 
Specieſ of vi- 4. Vitriol then is of five kinds: 1. Green, compoſed of iron and ſpirit of 
h. ſulphur, much commended for its medicinal virtues, and the beſt for ink. 
Green. 2. Blue, compounded of much iron, and a little copper diſſolved by ſpirit of 
Blue. ſulphur. A ſolution of this in water tinges iron of a ruddy copper-colour, 
White. which diſcovers the admixture of copper. 3. White, which ſhews no great 
difference from green, except what it probably owes to the greater degree of 
heat in its origination, as is confirmed from the factitious kind; in every other 
reſpe& the two perfectly agree. 4. Chalcites, or the true Chalcanthum, or 
= vitriol; which is alſo near akin to the green, and reſolves into the ſame 
inciples. Perhaps there may be ſome mixture of copper in it; but its chief 
Cyprian. ingredients ſeem to be iron, and the acid of ſulphur. 5. Cyprian, or Hunga- 
rian; which is of a perfect blue colour, and compoſed of copper and the 


Sory, what. ſame acid of ſulphur. From hence ariſes the Sory, which is a l Af 
coarſe unctuous glebous ſubſtance; ſeeming to be a condenſed juice of vitriol; 


of a black, or aſn- colour; and which becomes vitriol * by means of water. 
Melenteria And Melenteria, which is likewiſe of a black or aſh- colour, glebous and 


vba. cauſtic ; is probably of the ſame origin and production. 
Principles of . 5. In all theſe therefore, iron and copper make the baſis; the acid of ſul- 
N phur affords the ſolvent; the water which dilutes the acid and arranges the 


po of the metal, gives the figure and tranſparency. Hence from the dit- 
erent proportion of theſe three, may all thoſe diverſities be accounted for, 


which are ſpoke of by the ancients. In effect, water with the acid ſpirit. of 
ſulphur, iron, or copper, mixed and combined in a certain proportion, form 
thoſe called native vitriols (g ). | : 


| Natural hiſtory of witriol. "Tis found in certain mines in form of a 22 
(g) Vitriol is of two kinds, natural and effloreſcence; which being collected and dil- 
faQtitious.. The natural is found of four dif- ſolved in water, when the ſuperfluous humi- 
ferent colours ; wiz. white, blue, a bluiſh dity is evaporated, it concretes into a white 
green, and green. ſolid maſs. It appears, upon examination, 
There are very large quantities of native to confiſt of a ferruginous ſubſtance, or im- 
vitriol found in caverns of the copper-mines — * iron · ore, with a ſmall mixture of ca· 
at Goſlar in Germany; being ſometimes in ine, or lead. It is uſed in medicine as 4 
lamps, or pieces, like ificles, ofa great length gentle expeditious emetic. 
and thickneſs: and this is fold common, Blue vitriol is differently denominated, 2c 
tho' moſt people have thought it factitious; cording to the different places it comes from; 
whereas it is only refined by art, or diſſolved as Roman, Cyprian, Hungarian, &c. This we 
in water, and fuffer'd to cryſtallize. The meet with uſually in the form of dry hard 
Minera Marti: ſolaris Haſfiaca, as it is called, beautiful blue cryſtals, of a rhomboidal figure, 
in tract of time depoſites its ſulphureous na- ſquat, and confiſting of ten ſides. Its beaut!- 
ture, and becomes vitriolic ; after the man- ful blue colour is manifeſtly owing to the 
ner of our pyrites, of which copperas is made. copper it partakes of: tis of a very rough, 
The white witriol comes from Germany, in or ly pile taſte, and accordingly is uſed 45 
the form of loaves or lumps, reſembling white ſtyptic in medicine. This — is obtain d 
ſugar ; of a ſweetiſh and nauſeous typuc taſte, in various ways ; viz. from vitriolic waters. 
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6. (2) Semi- metals compoſed of a true metal and a ſulphur combined to- 
2 To this head chiefly belong native cinnabar, which is found in mines Cianabar. 
r 


om a coalition of ſulphur and mercury melted together by the ſubterraneous 
heat; as appears from the manner of making factitious cinnabar (H). This, 


which makes the minium of the ancients, may eaſily be reſolved again into a Miniun. 


true ſulphur, and mercury, Whence it appears that a real ſulphur is gene- 
rated plentifully in mines, by natural means alone. 
S 2 7. 


earths, ſtones, and particular pyrites. In 
Galer's time it was made by the — heat 
of the ſun, exhaling the humidity of a vitrio- 
lic water in Cyprus. In ſome parts of Hun- 
gary it is now | 
ting a water of the ſame kind to a due con- 
fiſtence ; then ſuffering it to ſhoot. And in 
ſome parts of Germany it is made by waſhir 
and boiling a particular grey earth, with dit- 
ferently coloured — looking like ruſt of 
iron and verdigreaſe. 

The vitriol of a bluiſh green caſt is ob 
tain'd in the ſame manner; and its colour 
appears owing to its participating both of 
iron and copper. _ 

The common green vitriol or Engl cop- 
eras, is made at Deptford in the following 
manner, from pyrites, which are round, pon- 
derous, cloſe ſtones, of a duſky colour on the 
outſide, but having their inner ſubſtance ra- 
diated like a ftar from the centre to the cir- 
cumference. They originally yield no taſte 
of vitriol z and are found along the ſhores of 
Eſſex, Suſſex, c. When calcined, they yield 
a fume like that of brimſtone; and leave a 
red calx containing iron behind. Expoſed to 
the open air in heaps, for a length of time, 
= ſeem to ferment, heave, ſwell, crack, 

fall to pieces; and then yield a white 
downy effloreſcence of an acrid ſtyptic taſte : 
and thus the white ſubſtance of the ſtone ſeems 
to diſſolve and fall to duſt, of a ſaline, vi- 
triolic and ſulphureous taſte and ſmell. 

A heap of theſe ſtones, two or three foot 
thick, they lay in a bed well ramm'd ; 
where, being turn'd once in ſix months, in 
five or fix years, by the action of the air and 
rain, they begin to diſſolve, and yield a li- 
quor, which is received in pits, and thence 
convey'd into a ciſtern in a boiling-bouſe. 
The liquor at length being pump'd out of the 
ciſtern into a leaden , and a quantity 
of iron added thereto, in two or three days 
the boiling is compleated ; care having been 
taken all along, to ſupply it with freſh quan- 
tities of iron, to reſtore the boiling, when- 
ever it ſeems to abate ; when boil'd ſuffi- 
ciently, tis drawn off into a cooler with ſticks 
acroſs, where it is left 14 or 15 days to ſhoot. 


® See Stabl, de Vitrioli Elogiiz, 


made by boiling and evapora- 


It appears, that the diverſity of co- 
lours in vitriols ariſes from the difference 
cows the falt or 5 is receiv'd : in blue, 
the ſalt is join'd with copper; in green, with 
iron; in white, with — * or ſome fer- 
ruginous earth mix'd with lead, or tin. As 
to red vitriol, called colcotbar, its colour is 
adventitious, and ſeems to ariſe from a calci- 
nation which the vitriol undergoes, either by 
art, or ſome ſubterraneous fire. 

This is not only ſupported by the natural 
hiſtory of vitriol, but ſeems to be confirm'd 
by numerous analyſes made of. the ſeveral 
kinds of vitriol, and the artificial preparation 
of them upon ſuch principles; ſo that it 
may pretty ſafely 4 for a general truth, 
that all vitriol conſiſts of water, a metalline 
part, and an acid combined : that the water 
gives the tranſparency, or cryſtalline form; 
that the acid diſſolves the metal, and thus gives 
the colour ; and that all three are thus united 


together ® 
Its uſes. 


The uſes of copperas are numerous. It is 
the chief 2 cp in the dying of wool, 
cloths, .and hats black, in making ink, in 
tanning and dreſſing leather, &c. Aud from 
hence is prepared oil of vitriol ; and a kind 
of Spaniſb brown for painters. 


Natural hiſtory of native cinnabar. 

_ (54) Nativecinnabar is found in quickſilver- 
mines; though it has likewiſe its own mines, 
of which thoſe in Spain are famous; it is 
likewiſe found in Hungary, Bohemia, Hach, 
and France. It is a hard, ponderous, metal - 
lic, and beautifully red ſtony ſubſtance, that 
breaks into ſhining, bright, angular pieces. 
It ſeems to be im pn — nas 1 of 
quickfilver ; as, beſides other reaſons,” being 
much more valuable, and ing a higher 
rice than quickfilver ; yet affording, accor- 
ing to its difference, from fix or ſeven to 
thirteen or fourteen ounces of true running 
mercury in a pound. The ſulphur remaining 
behind, after this ſeparation, ſeems alſo to 
differ from the common ; and its nature ſeems 
hitherto not ſufficiently known. x of 
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7. The Stibium of the ancients, by the Greeks called iu, by the moderns 
antimony, conſiſts of a true foſſil ſulphur, and a matter much reſemblin 
metal; which if it could be rendered malleable, would become of a perfect 
metalline nature, and make the ſeventh in the claſs of metals. But ſuch me- 
thod of purifying antimony is hitherto unknown; tho* Mr. Boyle affirms that 


n a true fluid mercury had by a ſecret proceſs been procured from it: and few 


| Aﬀenity with 


— 


Biſmuth. 


nders in theſe days but boaſt they can do the like. It is fufible in the 
, and promotes the fuſion of other foſſils mixed with it; but being brittle 
in it ſelf, communicates the ſame quality to the other ductile bodies it is mix'd 
with. It is volatile in it (elf, and renders almoſt all other bodies mixed there. 
with volatile in the fire, In fine, it encreaſes the beautiful brightneſs of gold: 
and in many things is found to approach the nature of white arſenic (ij). 
8. Biſmuth, or Biſemut, reſembles antimony : it conſiſts of thin plates or 
Lamelle, laid on one another; imitates ſilver in the brightneſs, and white- 
neſs of its colour: but is leſs friable, harder, not ductile under the hammer, 
ives evident indications of a ſulphur in it ; and by the action of an acid on 
it, lets goa bituminous matter; is leſs fixed in the fire than metals, and when 
mixed — renders them volatile and friable (4). 
9 


. of antimony. tion of metals. It is uſed in the making of 

fy nnd ir wu ior or FI 
larly in » Tran ia, 9 18 to help. in t ilding of copper ; 
— — of France. Its ore is mixed and to improve tin in point of whiteneſs 


with a ſtony matter, from which it is ſepa- 
rated by breaking it into ſmall pi and 
afterwards refining it, as is practiſed in other 
imperfect metals. This makes the crude an- 
timony of the druggiſts ; which is a metallic, 
ſolid, heavy, brittle ſubſtance, of a lead co- 
lour, conſiſting of lon dune ſtreaks or 
needles : tis eafil fuſed by e, and flows 
the thinneſt of all minerals; but is not duc- 
tile, There are different kinds of antimony, 
and it is often found mix'd with other metals. 


A great variety of medicinal pre are 
obtain'd from it z and y prove either 
emetic, cathartic, diap ic, or ſudoriſic. 


Of late, crude antimon * top 
given internally in powder ; is ſaid to 
iſſolve viſcidities in the fluids, open obſtruc- 
tions, and give relief in cutaneous diſeaſes, 
conſumptions, and epi It is likewiſe 
accounted of great uſe in fattening animals. 


In external application, being max'd with 


ointments, it is commended for drying ulcers, 
curing the itch, and other diſeaſes of the ſkin: 
in plaiſters tis uſed for reſolving tumours ; 
and in ce//yria for inflammations, and other 
diforders of the eyes. In chemiſtry it is of 
extenſive uſe ; as contributing to the pulve- 
rization and conſequent ſolution of metals; 
the ready amalgamation of the harder metals; 
the animation of mercury; the extraction of 


metallic ſulphurs; and the ſuppoſed meliora- 


hardneſs, and ſound ; whence alſo it is ſome- 


Natural hiflory of biſmuth, 
(4). Biſmuth, otherwiſe called tin-glaſs, the 
filver marcaſite, and by ſome white zinck, 
lead, and the magnet of metals, is di- 
vided by naturaliſts into native and — 
e native or 1s en 
among. the . o — 
in Bobemia and Miſnia ; and ſometimes alſo, 
if we may credit Alonzo Barba, in mines of 
ally yields the geb: by l gentle Ne & 
ty yi iſmuth, by a gentle e 
wood in a low-arched — Sea a fag 
which affords a blue glaſs, or nul. in 
is readily ſoluble in vi „and communi 
cn a 2 2 ereto it _ 
ves in ſpirit t, Fortis, pirit 
of nitre — hence by 'preciglcaticn is 
cured a magiſtery, or fine white powder, which 
is much elteem'd as a coſmetic, and helps 
to — 2 the colour of e — 
a principal ingredient in the making of ſol- 
ne ng 
to metals, And M. Homberg informs 
us, that by improves the —.— 
mixture d for printers types, by ren 
my it handte and leſs brictle, 
tificial biſmuth, according to Lang: 
is prepared from tin, by Matos 2 tes 
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_ Zinck, or Zinetum is much like the former, but leſs friable (. 

(3) To ſemi-metals may alſo be referred all foſſil, cryſtalline, ſtony and 
* matters, which have any true metalline matters intermixed with them. 
Such are the generality of native ores in mines, and numerous other bodies; Ores. 
the principal whereof are: 

10, Lapis Armenus, called alſo Lapis Lazali and azure- ſtone; which is very Lapis Anme. 
light, of a blue colour, and. ſpa led with golden ſparks ; uſually ſaid to _ la- 
contain a proportion of gold (m). Fe; Ts 

11. Lapis Hematites, which a to be t with metalline principles, Hematite: 
bears a near reſemblance to iron, and when ſublimed with Sal- ammoniac, dif- 
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Zinc. 


fuſes a rich, aromatic, e ſmell ; whence ſome call it Aroph, or Aroma Aroma phile- 
phileſopborum, the philoſophers ſpice (u). fophor. 
12, Load-ſtone, remarkable for its conſent with iron; being of the ſame Load-fone. 


colour, and havi 
Ochre may alſo 
Brees 7 


thereof with a mixture of white tartar, ſalt- 
petre, and arſenic : or, as others ſay, by well 
inding a mixture of arſenic, — * and 
gem, with oil-olive, and afterwards adding 
the whole to half its weight of tin in fuſion. 
Natural hiftory of zinck. 
_ (1) Zinck, tutenag, or ſpelter, is a metal- 
lic, ſulphureous, ponderous ſubſtance, reſem- 
bling lead in colour; it is fuſible and ductile to 
a certain degree, very hard to break, inflam- 
mable, volatile and ſoluble in acid menſtruums. 
There are two kinds of -it, the German and 
Indian, to which ſome add a yellow zinck, 


. marcaſite, 
hitherto but little uſed, except in mechanical 
mixtures. 

At Goſlar in Germany 'tis run from a kind 
of lead. ore in a furnace of a particular ſtruc- 
ture. Zinck improves tin in brightneſs and 
hardneſs : and with copper makes the fineſt 
kind of prince's metal, called from Prince 
Rupert, its ſuppoſed inventor. The flowers 
— — os 


Natural hi is lazuli. 
(mn) The Jays $A lint is lazuli 
are two different ſtones, tho® frequently 


confounded, on account of their being often 
met with in the ſame glebe, and uſed indiffe- 
rently for each other ; as having the fame 
virtues, only the Armenian ſtone is ſuppoſed 


to be more ſtron tive. This is o- 
pake, with green, i, os blackiſh (pots, 
mark'd like the azure ſtone, with gold-co- 


D 
uc; but is employ'd by the painters in 
a beautiful blue colour wi 


other properties _ hg 1 ee 
probably rank'd in this claſs, as being the produce of 
from mineral waters (o). | | 


| 2. 
The /apis laxuli is a hard blue ſtone, with 
Id or ſilver-· coloured ſpecks and veins : tis 
of two kinds, one bearing the fire and 
the other not. The firſt is brought from A 
and Africa, and is called the oriental ſtone ;- 
the other is ſofter, and dug ouc of the gold, 
filver, and „ in ſome parts of 
Germany and ah. The oriental produces 
the laſting beautiful «/tramarine blue: but the 
German ultramarine is eafily injur'd by exter- 
nal cauſes, and in time turns green. The 
beſt /afis lazuli is of a deep blue colour, 
mark'd with ſome gold ſpecks, hard to break, 
and durable in the fire. Its medicinal virtues 
are few, and thoſe il-ſupported, though it re 
tains a — in ſome com poſitionnss. 
atural hiftory lapis hamatites. 
* Lapis Toke pes or In is a 
ru , , , me 
lic f ce, of a ak red, or yellowiſh co - 
lour, and ſometimes blackiſh, of an -carthy 
ingent taſte; and when broken, appears to 
ha long f6bres, like- thoſe of wood. It 
is frequently found in iron-mines, in a diſtin 
ore Z and times with the load-ſtone, in 
many places of Germany, Baby, and Spain, 
the latter whereof is reckon'd the beſt. It is 
a kind of iron-ore; and Agricola ſays that in 
the valley of Joachim in Bohemia, theſe ſtones 
are found ſo rich in iron. of the beſt kind, as 
make it worth while to run the metal from 
them. It is frequently uſed in medicine, both 
in ſubſtance in preparations, as a ſtyptic 
and aſtringent, as well i as exter- 


nally. 
Natural hiflory of the laad. lone. 
(o) The 8 load- tone, is found in 


many countries of Nn 
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Other princi- 


ciple. 


Planti, vba. 
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13. From the whole, we may be enabled to form a judgment of the prin. 
Ples of Fifi, ciples of foſſils; which appear chiefly reducible to mercury, metalline ſulphurs, 
falts, combuſtible ſulphurs, earth and ſtones. But theſe will be found very 
Aaive prin- different, if carefully examined in different ſubſects: the chief active prrinciple 
in them, 1s a volatile, faline acid ; thoſe which want this, derive all their 


activity and motion from fire (p). 


Of VEGETABLES. 


1. Another 
tables, uſually called plants. 
2. A vege 


genus of bodies which chemiſtry is employed about, are vege- 
table is an hydraulic body, (containing various veſſels, replete 


with different juices,) which adheres by a certain part to another body, from 
whence, by means of this part, it derives the matter of its nutriment and 


accretion. 


3. Hence vegetables differ from foſſils, as above deſcribed, both in the diver- 
fity of their ſolid parts, in the different nature of their contained fluids, and in 
their ſtructure, which conſiſts of veſſels and juices. 

4. Add that the external part, called the root, which imbibes the nutri 


e tur the buſt io rover Gm the 


 Eaft-Indiegand Athiopia. It is a kind of iron- 


ore, and in ſome parts of Germany they run 
the iron from it. When expoſed to the focus 


of a large burning-glaſs, it manifeſtly diſco- 


it a polarity. But fire, 


vers iron. It has very odd properties, and a- 
mong the reſt that of attracting iron, and givi 

, moiſture, — 
long diſuſe, tend to weaken its force; tho” 
Mr. Boyle gives us inſtances of ſome Engl ißs 
loadſtones, which retain'd their virtue after 
ignition 

The principles of foſſils, 

(p) Foſſils ſhould ſeem to conſiſt (1) of mer- 
cury, as the baſis of many of them. (2) Of a 
ſubtile ſulphur, that coagulates or fixes mer- 
cury: for even the ancients always diſtinguiſh'd 
-two kinds of ſulphur, the one volatile and 
combuſtible, and the other, which alone we 
have here regard to, perfectly fix d; as bei 
in effect a ſort of concentrated fire. (3) 
ſalt : and (4) Of earth. All theſe, however, 
are not — all or na _ hav- 
ing been to con o two firſt, 
ay others only of the three laſt. 

Whether water, the univerſal wine of the 
-ancients, which all bodies drink, and where- 
by they are ſuppoſed to grow and increaſe, 
be to be deem'd a principle, will admit of 
ſome doubt. Sir [aac Newton defines it an 


* See Boyle Abr. Vol. I. p. 502, 503. 


* 


ment from the nouriſhing body to which it is joined, ſufficiently diſtinguiſhes 
vegetables from any animal hitherto known ). 


, 5 
e fall. Others call it the chaos of all 

ings, and 'tis perhaps the remote matter of 
all 2 z and may, therefore, be conſider d 
as conſtituting a peculiar claſs of body +. 

) Few authors but obſerve the near ant 
logy between the vegetable and animal &co- 
nomy and ſtructure. M. Reneaume, from 2 
ſurvey of plants, concludes, (x) That the 
root in plants, does the office of the paris 
— in the belly of animals deſtined for 
nutrition; it being this chiefly that prepare, 
digeſts, alters, es the food into a 
nutritious juice, to be afterwards diſtributed to 
all the parts. 2. That the trunk and branches 
of trees, bear ſome relation to the exterior 
members or limbs of an animal, which it 
may indeed ſubſiſt without, though their 
rotting and mortification gently occa- 
ſions a total deſtruction thereof, 3. That t 
with good reaſon that — in pre 
ning and lopping trees, which they would 
have grow again, cover the wounds, and the 
remains of the ſtumps, with earth or clay, !9 
prevent an — En which would drain 
them of all their vital moiſture. And hence, 
likewiſe, it is, that when the branch of 3 
tree is broke, without the bark's being & 
tirely { ted, if the pieces be ſet again, 
and the frefure tied with a bandage, ca 
of retaining the ſap, and excluding the needs 


3 
+ See the chapter of water. See alſo Bechers Phyfica Subterranta. 
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5. The ſolid 
quick fire. 


6. The veſſels of plants differ exceedingly both in their ſtructure and place, 
tained therein, and the virtues thereof (7). 

intended for faſtening the plant to the ground, or for imbi- 
bin fi o ometimes alſo to be 

rformed by the whole ſurface of the plant, as in the inſtance of truffles, 
The root then is furniſhed with abſorbent veſſels, whoſe mouths are ranged 
cloſe to each other thro? its whole ſurface, by which the nutritious moiſture is 
imbibed, protruded into the canals, and by theſe conveyed thro? the whole 


the matters 
7. The root 
nutriment therefrom z which 


ſubſtance of the plant (). 


of the air, the branch will heal again, a 
' callus be form'd, &c. juſt as in a fractur'd 
bone | 

As to thoſe few plants which 2 to 
float with the water, their manner of growth 
is ſomewhat anomalous, M. eg has 
ſhewn that all plants do not ariſe ſtrictly from 
ſeeds, but that ſome, inſtead of ſemen, depoſite 
or let fall a little drop of juice, which fink- 
ing in the water, by its gravity, reaches the 
bottom, or ſome rock, &c. in its way; to 
which it ſticks, ſtrikes root, and ſhoots into 
branches ; ſuch is the origin of coral, which 
by diſtillation yields a volatile alt. 

There are ſome ſpecies of ſea-muſhrooms, 
N the neptune i. cap, which are not 
ound to adhere to any y : but M. Taur- 
nefort obſerves, they have been ſometimes 
found with a little pedicle, which might have 
ſuſtain'd them, And hence he infers, that 
they originally grew to the bottom, and had 
their generation like the reſt. He adds, how- 
ever, that when they have loſt their pedicle, 
'tis probable they are fed by ſome juice, 
which the ſea-water lets inſinuate thro' the 
pores of their ſurface + 

Coral has been ſuſpected by the naturaliſts 
of all ages for a ſea plant; but the moderns 
have demonſtrated it ſuch ; and even diſco- 
* — — and ſeeds. I hat 2 
naturaliſt the Count de Marfieli, having lo 
doubted the vegetable N coral, —— 
length convinced by the following experi- 
ment: having ſteepd ſome coral, freſh ga · 
ther'd, in ſea water ; he perceiv d, in a ſhort 
time, that the little ruddy tubercles, which 
appear'd on the ſurface of its bark, began gra- 
dually to unfold, and at len open'd into 
white flowers, in the form of itars — 24 
8 which were ſuſtain'd by a little 

vided in like manner into eight parts. Upon 


* Mem. de P Acad. an. 1707. 
lj Journ. des Scavans. an. 1710. 


Mr. Wilhbugh 
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of vegetables are mere earth, bound together by a viſcid 
oily ſubſtance, ſo as not to be ſeparable from each other without an open, 


ce ſeems 


taking the coral out of water, the flowers im- 
mediately cloſed, and return'd into red tu- 
bercles as before; which tubercles being 
cloſely ſqueez'd, yielded a ſort of - milky 
juice. And upon returning the coral into 
the water, as before, the tubercles, in an 


hour's time, open'd or flower'd afreſh: and 


this was continued for fix or eight days, when 


the buds or tubercles ceaſed to blow any more. 
In ten or twelve days they became 
from the coral, and ſunk to the bottom, in 
form of little yellow balls. Theſe tubercles, 
then, according to the analogy of plants, 
ſhould be the flowers of coral ; and the milky 
viſcid juice contained therein the ſemen ; ac- 
cordingly tis held, that when this juice falls 
on a properly diſpoſed ſubje& or nidus, a new 
coral ariſes therefrom, | 

Add, that the analyſis of coral anſwers 
preciſely to that of other ſea-plants ; all of 
them affording a volatile urinous ſalt, and a 
thick blackiſh, fetid oil x. 

There are corals of divers colours ; the moſt 
uſual and valuable are red and white ; others 
are feuillemort, carnation, green, yellow, aſh- 
colour d, &c ||, 

(7) The vaſcular ſtructure of vegetables is 
very apparent by an experiment of 

by cutting off ſome pretty big 
branches of birch, and making a ſort of ba- 
ſon or reſervoir, at the end thereof with ſoft 
n filling this with water, and hold- 


wax; 

ing the bnanch upright, the water in a few. 
manutes ſunk into 

and running quite thro* the length, dropt out 
of the end conſiderably faſt ; continuing ſo to 
do, as long as water was pour'd on. The ſame. 
ſucceeds in ſycamore, walnut, &c. tho' the 


veſſels of the wood, 


flux here is not ſo copious **, 
(-) The principle, whereby the root im- 
bibes its food, is ſomewhat controverted : 


| ſome 
+ Mem. de Acad aw. 1500. + Mem. de I Acad. an. 1708. 
v Phil. Tranſaf. Ne. 70. 


tach'd 
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8. Theſe veſſels may pro 
other abſorbent veins of animals. 


ſome will have it effected by means of the 
preſſure of the atmoſphere, in the ſame man- 
ner as water is raiſed in pumps: but this is 
precarious, as being fo on the ſuppoſi- 
tion, that the abſorbent tubereles are void of 
air; beſides, that the atmoſphere could only 
raiſe the juice thirty-two feet high, whereas 
there are trees much higher. Others have 
recourſe to the principle of attraction, and 

ſe the power that raiſes the ſap in vege- 
tables, to be the ſame with that whereby wa- 
ter aſcends in capillary tubes, or in heaps of 
ſand; aſhes, an 
this alone ſuffice to raiſe water to the tops of 
trees. One would ſuſpect therefore, that the 
firſt reception of the food, and its propaga- 
tion thro the body, were effected by different 
means ; which is confirm'd by the analogy of 
animals, 

Some of our ableſt naturaliſts hold water 
the only nutritious matter of vegetables: 
Helmont and Mr. Boyle give us ſome experi- 
ments which very much favour this doctrine. 
The firſt, wei Ange quantity of earth, and 
planting 10 — erein, which he water'd 
with rain, or diſtill'd water only; in five 
years time raiſed it from five weight, 
to an hundred fixty nine pounds three ounces ; 
and this- without any greater diminution of 
earth than two ounces : and Mr. Boyle found 
the like iment to ſucceed with ſquaſh- 
ſeed. Dr. Woodward, on the or hand, 
has ſome curious experiments, which ſeem to 
overturn this notion, and to prove that mere 
elementary water is not proper food for vege- 
tables ; the water, according to him, being 
only the vehicle of the alimentary matter, the 
earth contain'd therein, ſupplying all the ve- 


tion ®. 
The notion of the s circulating, was en- 
tertain'd by ſeveral 3, much about the 


ſame time, withoutany communication from 
one to another ; particularly M. Major, a 
phyſician of Hambourg. M. Perrault, Mariatte, 
Malpizhi. It has met, however, with 
ſome conſiderable oppoſers'; particularly the 
excellent M. Dodart, who could never be re- 
conciled D * | n 
One e t 7 it is, t 

the ſame 3 ligature and inciſion, 
which evince a circulation of the blood in 
animals, ſucceed in the like manner in ants ; 

icularly in ſuch as abound with fap, as 
the great tithymal milk-thiſtle, Or. For 
a metalline girt being here fix d tight round 


® See the article Water. 


the like: but neither will 


1 HIP. A Þ Acad, Ry. an 1709. 


perly be compared to the meſenteric lacteals, and 


| 9. 
the ſtem ; the above it is found to ſwell 
very conſiderably, and that below it a little. 
Whence it ap that there is a juice aſ- 
cending from the root, and likewiſe another 
deſcending from the branches ; and that the 
latter is thicker than the former; which 

uadrates _—_ with the common ſyſtem ; 
the juice being ſuppoſed to ariſe in capillary 
veſſels, in form of a ſubtile vapour, which 


condenſed in the extremes of the plant, by 


the neighbourhood of the cold air, turns back 
in form of a liquor, thro' the more patent 
pipes of the inner bark. 

. Dodart, inſtead of the ſame juice's go- 
ing and returning, contends for two ſeveral 
Juices ; the one imbibed from the ſoil, di- 
-geſted in the root, and thence tranſmitted to 

extremes of the branches, for the nouriſh- 
ing of the plant; the other, receiv'd from 
the moiſture of the air, in at the extremity of 
the branches: ſo that the aſcending and de- 
— juices are not the ſame. One of 
his chi arguments is, that if two trees of 
the ſame kind be tranſplanted in one day, 
after firſt cutting off their roots and branches; 
and if after they have taken root again, ſome of 
the new ſhoots put forth each year be cut of 
one of _ it will not thrive og 60 well, 
notwithſtanding its root and trunk's being en- 
tire, as the other. This he conceives tobe a 
=e of the plant's deriving nouriſhment by the 
nches ; and concludes it to be of an aerial 
nature, becauſe form'd of the moiſture of the 
air, dew, &c. whereas that imbib'd from the 
ſail is terreſtrial, &c N 
But what ſeems to decide the controverſy in 
favour of a circulation, is the following experi- 
ment of the reverend Mr. Laurence: on a branch 
of plain jeſſamin, whoſe ſtem ſpreads into two 
or three branches, inoculate a bud of the 
yellow-ftriped jeſſamin; and as the tree comes 
to ſhoot the 


not inoculated ; till, by degrees, the whole 
tree, even the very wood of the young 
appear all  yariegated, or ſtriped green and 


What coufſe the juice takes after it is im- 
bibed by the roots, 1s not clear ; the vel- 
ſels that take it-up to convey it thro? the plant, 
aretoo fine to be traced : and hence it has been 
controverted, whether it is by the bark, 
— or the <yoody part, that the plant 
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9. The juice thus derived from the alimentary body is not yet of the pro 


nature of vegetables, but being crude, retains the diſpoſition of the mo 
from whence it was drawn: yet this, which is uſually. earth, or water, re- 


ceives back, ſooner or later, whatever it had im 


parted 3 in as much as bodies 


erated from the earth and water, when at laſt they decay and die, return again 
into air, water or earth, and fall out of the air into the boſom of the earth, or 
water, in form of dew, miſt, ſnow, hail, hoar-froſt, or rain : ſo that earth is 
a chaos or colluvies of all bodies paſt, preſent, and to come, from whence they 
all aroſe, and into which they will all certainly return. 


Some contend for the 2wood, which they ob- 

ſerve to conſiſt of ſlender capillary tubes, run- 
ning parallel to each other from the root up 
the trunk, proper to receive a fine vapour: 
in the aſcent whereof, the fibres become o- 
pen'd,, and their ſubſtance increas d- And 
thus it is, that the trunks of trees increaſe in 
circumference, by ingeſtion. 
The more common opinion is fog,the bark ; 
the juice raiſed by the capillaries of the wood, 
is here ſuppoſed to deſcend by the — fi- 
bres placed in the inmoſt part of the bark, 
immediately over the wood; in which de- 
ſcent, the 2 now ſufficiently prepared, adds 
a part of its ſubſtance to the contiguous wood z 
and thus increaſes by appofition. And hence 
it is, that hollow, carious trees, which have 
neither pith nor wood, except juſt enough to 
ſuſtain the bark, do grow and bear. 

What confirms this, is an obſervation of 
Dr. Tonge, commur icated to him by an emi- 
nent planter in Gloucefler/hirez wiz. that by 
binding a tree round about very cloſely and 
ſtrongly with cords, ſo as to intercept what 
riſes betwixt the bark and the wood, the bloſ- 
ſoming and bearing of the tree is retarded : 
and by ſuch means, in ſome years, when the 
open weather bringing on too early a ſpring, 
endangers the deſtruction of the bloſſoms, Oc. 
he has often prevented a ſcarcity of forward 
fruits, which are uſually nipped by the late 
froſts ®, 

Add, that in the journals of the royal ſo- 
ciety, Dr Beal aſſures us from his own expe- 
riment, that if a circle be drawn round a 
common EA tree, by inciſion to the ſolid 
timber; how thin ſoever the knife be, and 
tho) nothing at all be taken away, the tree 
will die from that part upwards : only the 
part below the cleft will grow on and proſ- 
per, notwithſtanding the inciſion. He adds, 
that he has ſeen ſome old huge aſhes, which 
had been bared of their bark by the deer, 
from the root to the height of four feet quite 
round ; and yet have continued their growth 
for many years ; and ſome bark, which was 


* Phil. Tranſa&, No. 68. 


10. 


left in ſome few places no broader than a hand, 
had a freſh verdure more lovely than any o; 
ther part of the tree +. 

To this others object, that there have been 
trees known to grow, and put forth leaves 
and flowers for ſeveral years, without any 
bark ; Oy that elm in the Tuilleries, 

eo 


whereof an account was given to the royal 


academy by Monſ. Parent. Add, that the 
plantane and cork tree caſt their barks, and 
get new ones, as ſerpents caſt their ſkins; and 
tis hard to conceive how the bark, during 
ſuch tranſition, ſhould contribute to the ſup- 


port of the plant. Beſide, in ſome plants, as 


the vine, elder, &©c the bark is very incon- 


fiderable, but the pith very copious ; which 


ſhould ſeem to intimate, that they are fed b 


the latter rather than the former. And it is 


further obſervable, that in proportion as they 
grow old, the pith becomes fibrous and 
woody; which ſhews, that the pith is diſpos'd 
by nature to form woody fibres; and x why 
fore may be proper to furniſh wood with its 
nutritious juice 


Laſtly, it is obſerv'd, that if you cut off a 


ring of bark around a tree, three or four 


inches broad, parallel to the horizon; and 
thus lay the wood quite bare, ſo that the tree 


cannot receive any nouriſhment by the bark; 


ap will it not loſe its leaves; nay, it will 
ar flowers and fruit the ſame year, and this 


double its uſual crop: tho” in the ſucceeding 
winter, all the branches above the inciſion 
will die. Hence M. Parent argues, that the 


juices which produce and nouriſh the leaves, 
the flowers, and fruit, do not aſcend by the 
bark, but by the pi; but thoſe which nou- 


Tiſh the wood and bark, by the bart: and 
that the quantity of juice which ſhould 


naturally have pailed by the pith, having ' 
been augmented by that which ſhould have 
paſſed by the bark, is the cauſe of che extra - 


ordinary produce of fruits and flowers. In 
effect, fays M. Fontanelle, the pith of plants, 


like the medulla in animals, is a collection of 
an immenſe number of little veſicles, which 
T 


+ Philof. Tranſa#. No. 46; 
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The Theory of Curuier Rv. 


0. Water, ſpirits, oils; ſalts, and all other bodies are hid in the earth, 


where being agitated and mixed, eſpecially with water; by ſubterraneous, arti. 
ficial, and ſolar fire they are brought to the roots of plants ſpread in the 


11. So alſo the water of the ocean, rivers and lakes, receives and diſſolves 


terreſtrial bodies diſperſed thro* the atmoſphere. | 


ſeem 22 to . and 8 finer 
uice ſhould ſeem neceſſary nutri- 
— of mere wood *. 

In anſwer to all this, the retainers to the 
that the parts of a tree disjoined 
from their whole, may take with them a 
nnn ſufficient to make 

v - Thus, the branches of elder, 
willow, c. cut from the ſtock, will ſhoot 
forth leaves, twigs, &c. without being ever 

t in the ground; and pieces of half 
= have been known to do the ſame: which 
muſt be owing to ſome remaining juice, agi- 
to a certain d by t 
warmth and action of the air. And if parts 
thus cut off may vegetate, much more may 
thoſe” which fill adhere to the tree, which 
can ſcarce ever be entirely deprived. of new 


juices; ſince, tho' the bark ſhould not furniſh. 


hem any, they will receive ſome from 
the b/za, or that part of the wood which was 
lat form'd, and not- altogether loſt its 


cortical nature. This accounts for the phe- 
of the elm in the Tailleries, the aſhes 


of Dr. Tonge, and the olive-trees of M. 3 


not; excepting that in this laſt inſtance, 
vegetation is more abundant, after taking 
away the bark than before; which gives a 
new difficulty. 

To ſolve this, M. Reneaume obſerves, that 
the buds, out of which flowers and fruits ariſe, 


ſection, till the ſe- 
le this ex- 


e a competent ſtock of juice in reſerve, 
new juices are brought by the bark, in too 

plenty to be ſufficiently attenuated and 
Fibtilized, for entring the minute veſicles of 
the forming part. Thus, by cutting off the 
communication of new juices by removing 
ſome of the bark, the juice is diſpoſed to in- 
finuate more readily into the little veſſels ; 


® See che BI. de dead. R. des Sciences, an. 1709. 


Theſe 


and thus to give riſe to a greater number of 
flowers and fruits. 

As to the elms of Luxembourg, M. Re- 
zeaume' examined them himfelf, and found 
they were not ſo naked, but that there were 
ſome remains of the inner rind or ble, 
whereby the juice might mount : and the ſame 
doubtleſs was the of the aſhes mention'd 
by Dr. Tenge. Add, that M. Maraldi ob- 
ſerved to the royal academy, that a, ſhoot of 
a plumb-tree having been broke, ſo as only 
* a piece of bark ; yet, upon rai- 
ſing and fetting the fraftur'd parts, it pro- 
duced wood, flowers, and fruit. 

. From the ſame obſervation of the elm of 
Luxembourg, M. Reneaume even draws a con- 
cluſion in behalf of his ſyſtem, viz. that it 
is the bark forms the blea or bleak ; and that 
as the blea is the wood laſt form'd, all the 
wood comes from the bark. | 

The bark, /iber, is to be conceiv'd as con- 
fiſting of a number of eylindric and concen- 
tric ſurfaces, whoſe texture is reticular, and 
in ſome trees apparently extenſible every way, 

reaſon the fibres thereof are ſoft and flex- 

While in this condition, they are either 
hollow, and ſo real canals ; or if they be ſo- 
lid, their interſtices* are canals. The nutri- 
tious juice which they are continually te- 
ceiving, part of which is detain'd in them, 
makes them grow both in length and thick- 
neſs, ſtrengthens and brings them nearer cach 
other. Perhaps the longitudinal fibres may 
grow the faſteſt. By ſuch means the texture, 
wu "_ — + orgy becomes ot of 
em rait res, ra verdically, 
and — one behind — 5. e. it be- 
5 a new woody ſubſtance, under the name 

a. 

While the lea remains any thing ſoft, and 
retains ſomewhat of the nature of a 
it may maintain a feeble vegetation; but 
when it is grown abſolutely hard and woody, 
it can no longer contribute thereto. The ve 
getation of young branches is the moſt lively 
and vigorous, the only one 2 as 
far as the flowers and fruits, by r they 
are little elſe but bark. 

For the pith z as the woody ſubſtance 
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The Theory of CHEMISsT RV. FT 
12. Theſe crude humours therefore which, in the ſpring-time eſpecially, are 


found in great plenty, and moving with a briſk motion thro* the bodies of 
ts, are to be confidered as thin, watery, and ſomewhat acid; which is con- 
ed by the juice * in March, from wounded beeches, walnut - trees, 


or vines, received in veſſels (i). 


the trunk becomes more woody, the pith is 
compreſſed and ſtraiten'd, to ſuch degree, 
that in ſome trees it quite diſappears ; whence 
it appears, that its office in vegetation is not 
very important, fince its uſe is not perpetual. 
By its ſpongy ſtructure, it ſhould ſeem fitted 
to receive any ſuperfluous moiſture tranſudin 
through the pores of the woody fibres : and 
by the exceſs of ſuch moiſture, or the like 
cauſe, it corrupt and rot, as frequently hap- 
pens in elms, the tree does not grow the 
worſe for it: A convincing proof it is of no 
reat uſe 
(:) From the latter end of January to the 
middle of May, trees will bleed: thoſe that 
are ſaid to run firſt, are the poplar, aſp, a- 
bele, maple, ſycamore; ſome, as willows, 
and the brill, are beſt to tap about the mid- 
dle of the ſeaſon; and the walnut towards the 
neter end of March, They y bleed a 
fall month in the whole Ihe beſt time of 
dae day for tapping is about noon. The ſy- 
a camore will run in hard froſt, when the ſap 
freezes as it drops When a large walnut 
would run no 2 in the body or branches, 
it would run at the roots; and that longer on 
the ſouth or ſunny ſide, than on the north or 
= fide +. 

o obtain the greateſt ſtore - of in the 
ſhorteſt time dues or rap got bore 
it quite through the pith, and the very inner 
rind on the other fide, leaving only the bark: 
unpiere d on the north-eaſt fide : this hole to 


and that under a arm near the ground. 
This way the tree will in a ſhort dead 
wo enough to brew with: and with ſome 
of theſe ſweet ſaps one buſhel of malt will 
make as good ale, as four buſhels with ordi- 
— Sycamore is ſaid. to yield the 


ſome 


The bleeding of the birch has afforded na- 
turaliſts matter of much ſpeculation: Wil- 
1oughby, Ray, Liter, &c. have made a great 
number of experiments and obfervations there- 
on, which may let ſome light into the buſi- 
neſs of vegetation in J 

In the birch, the ſap iſſues out at the 
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[| 1d. ibid. 


made ſloping ou with a large augre, 


twigs. of branches, and the ſmalloſt fi - ing 
" 5 N # 
» See the Memoirs dr'P dead: an>191t, + Dr. Tonge; in Phibſ. Traoſa#. Ne. 43, S 


The 


bres of roots, in proportion to their — — ; 
the gravity always promoting the diſcharge : 
ſo that a branch or root which bends down- 
ward, will yield much more juice than an- 
other of the ſame ſize erect.— Branches, and 
young trees cut quite away, and held perpen- 
dicularly, will bleed; and if the tops be cut 
off, and inverted, they will bleed alfo at the 
little end.—In birches, no ſap iſfues out at 
the bark, be it ever ſo thick ; but as ſoon as 
the bark is vut = thro', they then firſt be- 
gin to bleed bark being quite off for 
an hand's breadth round, abates the bleedin 
of the tree above the lace, —A wou 
made before the ſap riſes, will bleed when it 
does riſe. 

The changes of weather have a great effect 
on the bleeding of plants ; inſomuch that 
Dr. Jonge is of opinion, could we but obſerve 
it to advan we ſhould hence have much 
better indications of the alterations of wea- 
ther, in reſpect of heat, cold; moiſture, Cc. 
than from any weather-glaſſes. When the 
weather changes from warm to cold, the 
birches ceaſe to bleed; and upon the next 
warmth begin again: but, which is very re- 
markable, the contrary always obtains in the 
walnut tres, and frequently in the ſycamore, 
* — cold, — bleed plenti- 

, as remits, : a morning- 
ſan” after a froſt, will make'the whole bleed. ü 
ing tribe bleed afreſh. 

y, a culinary fire will have the like, 
or greater effect than the ſun, and imme- 
diately ſer them a bleeding in the ſevereſt 
weather, Branches of maple and willow, cut 


off at both ends, will bleed, and ceaſe at plea- | 


ſure, again and again, as you approach them 
to, ——— m Kt fire; pro- 
vided you balance them in the hand, and oſten 
invert them, to prevent the falling and ex- 
pence of the ſap: yet, being oſten heated, 
they will at — 8 ceaſe, tho' no ſap 
was at any time ſenſibſy loſt: and when they” 
have givem over bleeding, by being brought 


within the warmth of 3 bre, the bark Will 


be found very full of juice. 

A hard ligature, made within a quarter of 
an inch of the end of à wood- bine branch, 
Dr. Lifter aſſures => did not hinder its bleed-- 
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The Theory of CRuIs TRV. 
13. The fame juice being afterwards agitated by the ſtructure of the plant, 


the fire, both ſubterraneous and ſolar, the oſcillations of the air, the viciſſitudes 


of moiſt, dry, cold and hot weather, and the change of day, night, and ſea- 


ſons of the year, is protruded thro? the ſeveral veſſels of the plant; and thus 


gradually changed and further elaborated, ſo as to form a new and peculiarly 
vegetable juice proper to each part of the plant. 

14. The leaves, by the ſtructure, number, and fineneſs of their veſſels, expoſe 
their fineſt juices almoſt naked to the air, in a ſurface much enlarged ; which 
is liable to be actuated from divers cauſes. By ſuch means theſe juices are ex- 
tremely altered, and by further coction reduced to a peculiar vegetable na- 
ture: in fine, they do the office of lungs; as appears from Malpigbi's ob- 


ſervations («). 


16. Thejuices peculiar to the leaves are a honey-dew found on the ſurface 
thereof in ſummer 1 · e alſo a wax, manna and balm; which be- 
Y 


ing agitated and concocted 


i at all, when brought within the warmth 


the fire. Maple and willow-branches, quite 
bared of bark, and brought to the fire, ſhow 
no moiſture at all. The ſame, half bared of 
bark, would bleed only from thoſe half of 
circles cover'd with bark. A branch of ivy, 
of itſelf, bled a liquid yellowiſh roſin from 
the bark, and near the pith ; but, when 
brought to the fire ſide, bled a thin, dilute, 
colourleſs ſap, from the intermediate wood- 
ircles. One, or both ends of the pith of a 
willow being ſealed up with hard wax, it 
will yet bleed freely by the fire.--Branches of 
willow cut off in a very ſevere froſty mor. 
ning, and brought within the air of the fire, 
wa ſhew no moiſture at all; no, not when 
held till warm, and often and 1 

night 


yet the ſame branches, after lay ing 
on a graſs - plot, did, next mo „ 
the froſt was broke, freely bleed. — y, 2 


e, whoſe top had been cut off 

then bled ; being now taken 
off from the tree, and brought within the air 
of the fire, and held with the formerly cut 


end downwards, would not run at all; but 


with the other end down, run apace *. 

(») "The great importance of the leaves to 
the fruit, appears common obſervation, 
viz. that when the caterpillars ſeize on. a 
tree in the fruit ſeaſon, _ only feed on, 
and deſtroy the leaves ; et the conſe- 
quence hereof is, that the tree ſhall frequently 
1 and the fruit prove abor- 
tive 7. 

(x) Honey was anciently taken for a dew 


= 


that fell on flowers ; but what proves this a 


. Pbiliſ. Tran/a8.. N-. 48, 67, 58, 68. 


4 See the Hift. ds F. cad. an. 1708. 


the ſun's heat, and afterwards condenſed by 
the enſuing cold of the night, may be gathered off them (x). 


muſt, ore, either be a liquor prepared 
in the flower,. and excreted 
veſſels, like manna; or rather the fine duſt, 
or furina ficundans of the apices : for accor- 


ding to the obſervations of M. di Ferney, the 


bees, when in ſearch of honey, fix on n0 
other parts but the ſtamina and apices, and 
not on ſach as yield any liquor 

What ſeems very remarkable is, that honey, 
in virtue of its vegetable nature, is diſcover'd 
by M. Lemery, to contain iron. Which diſ- 
rhaps, ſerve as an anſwer to 


covery may, 
M. Geoffroy's chemical queſtion, wiz. Whether 
there is any part of a plant without iron? For 


if ſo delicate an extract from the fineſt part of 
the flower, and this further elaborated in the 
little wi/eera of the inſet, be not clear of 
iron, we may deſpair of ſeeing any ſo x. 

We have two kinds of honey, white and 
yellow: the white, called alſo wirgin — 
trickles out, ſpontaneouſly, from the com 
when inverted, &c. The ſecond is expreſſed 
from the combs, in a preſs, after having firlt 
ſoften'd them with a little water over the fre. 
There is alſo an intermediate ſort, of a. yel- 
lowiſh white colour, drawn by expreſſion with- 
out fire. a 

To procure the wax from the combs for 
uſe: the honey being ſeparated from t hem, 
they put all that remains in a large caul- 


dron, with a ſufficient quantity of water ; and 


thus, by means of a moderate fire, melt 
it. This done, they ſtrain the water, &c. 
off, through a in a preſs, — 


1 Men. de I Acad. an. 1705. 


The 
miſtake is, that the bees only gather it after 


the ſun is up, when there is no dew left. It 


its proper 
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but little underſtood.” To in 


Apices, 


The Theory of CunMIiSTRY, 
16. The like obtains in the flowers, whoſe Calices, Petala, Stamina, and Flowers. 
take up the juice, as prepared in the leaves, mature it further, and 
give it the proper characteriſtic. nature of the plant; continuing to preſerve, - 


and fit it for the uſe and ſapport of a new embryo, in time to be gene- 
rated. Thus much we infer from the affinity and neighbourhood of the 
flowers and leaves, the origin of the buds, and the ſtructure of the flowers 


produced therefrom (y). Here is formed that ſweet, fragrant, vital, refreſhing 


grows cold, they ſcum it well, and caſt it 


into moulds. | 
This is the yellow war, which blanched 
and purified makes the auf i, 


of? The generation of plants bears a near 


ogy to that of ſome animals, particularly. 


ſuch as want local motion-: as muſcles, and 
other immoveable ſhell-fiſh, which are her- 
maphrodites, and have the genital organs of 
either ſex. | 

The flower has been allowed for the 
pudendum of a plant: but the deſign of 
ſo much mechaniſm, and ſo many parts, was 
ce in a 
tulip ; its flower conſiſts of fix leaves, in 
the middle whereof ariſes the piſtil, and a- 
round that are rang'd a number of little threads, 
which terminate a-top in little bunches replete 
with a fine powder. This is the general 
N 4 mo ; 2 _ find it diverſi- 
ed a thouſand ways, ſome ies a f 
to want one part, 8 ſome 1— 2 
even the whole flower. 

The duſt contained in the apices, M. Tour- 
nefort took to be only a ſort of excrement, 


remaining of the food of the fruit ; and the 


ſtamina to be no other than excretory ducts. 
But M. Morland, M. Gedffroy, and other of 
the later authors, are agreed on aſſigning them 
nobler uſes. On their principle, the ftamina, 


with the apices and farina, make the male 


part of the plant; and the Hil the female. 

At the bottom of the 
Mr. Bradley obſerves a veſlel, which he deno- 
mmates in a particular manner the aterus, or 
womb: it contains three ovaries, which are 
filled with little eggs, or rudiments of fruit. 
like thoſe found in the ovaeria of animals; and 


which, he adds, always decay, and come to 


nothing, unleſs impregnated with the Farina 
of the ſame plant, 22. other of —— 
kind. The famina, according to him, ſerve 
for the conveyance, or perhaps. the ſecretion 
of the male ſperm, to be in the a- 
prices, which anſwer to the veficule fſeminales ; 
whence, being emitted into the orifice of the 
piſtil, it is either conveyed thence into the u- 
tricle, to fecundify the female owa; or it is 
lodg'd in the piltil, and by ſome magnetic 


iſtil of the lilly, 


other ſpecies 


ſpirit | 


power draws the nouriſhment from other parts 
of the plant into the embryo's of the fruit: 
and thus makes them ſwell, grow, &c. 
Accordingly, the diſpoſition of the piſtil, 
and apices about it, is always ſuch, as that 


the farine may fall on its orifice : tis uſually 
lower than the apices; and when we perceive ' 
it grown higher, we may conclude fruit 


has begun to form itſelf, and has no further 
occaſion for the male-duſt Add, that as 
ſoon as the affair of generation is over, the 
male parts, together with the leaves, fall off: 
the reſt of the work being left to the female 
and at the ſame time, the piſtil, or neck of 
the uterus, begins to contractitſelf. Nor mult it 
be omitted, that the top of the any is always 
either cover'd with a kind of velvet-facing, or ' 
emits a gummy juice, the better to catch and 
retain the duſt of the apices. In flowers that 
turn downward, the piſtil reaches much lower 
than the /amina, that the duſt may fall in 
ſufficient quantity from their apices for the 
buſineſs of impregnation. THE 
This ſyſtem of vegetable generation ſavours 
much of that admirable uniformity, every 
where obſerved in the works of nature ; but 
tis experience alone muſt determine for it. 


Accordingly, M Geeffroy affures us, that in 


all the oblervations he had made, the 2 8 
off the piſtil, before it could be impregnated 
by the /arina, actually render'd the plant 
barren for that ſeaſon, and the fruits abor- 
tive: And the like has been obſerv'd by Mr. 
Bradley and others 
In many kinds of plants, as the oak, pine, 
willow, &c. the flowers are ſterile, and grow © 
ſeparate from the fruit: bir theſe flowers, 
M Geoffroy obſerves, have their /amina and 
ices, whoſe farina may eahly impregnate 
te rudiments of the fruit, which are not 
far off. | | % 
Indeed, there is ſome difficulty in reconci- 
ling this ſyſtem with a certain ſpecies of plants 
which bear flowers without fruit; and an- 
of the ſame kind and denomina- 
tion, which bear fruit without flowers: ſuch 
are the palm, hemp, hop, poplar, &c. which 


are hence diſtinguſh'd into male and female. 


For how ſhould the Farina of the male here 


. 
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Seed. 


pit, or aura, which ripe flowers diffuſe, and which by its genial odour 


The Theory of CnnMisTay. 


proves beneficial to the embryo : it is in'effe of a moſt pure and excellent 
nature, eaſily debaſed and ſpoiled by-the' mixture of other matters, | 
7. Here alſo is produced the true honey, which exuding, is received into 
the Cotylæ; which are admirably contrived by nature and fixed to the bottom 
of the-Perala. The bees ſipping up this juice, convey it into their utricles, from 
whence they afterwards diſgorge it into their combs, and ſeal it up with wax. 


On the Apices of the Stamina, as well as on the leaves themſelves, is alſo 


found wax ; which the ſame. inſets ſcrape off with their rough feet, form into 


globules, lay upon the hind of their Abdomen, and thus carry to their 
hives, to be of uſe for making and ſealing up their combs. | 
18. The fruit is the part wherein the ſeed is conceived and formed. The ſeed 


is the Embryo: of the plant, with a Placenta, or Cotyledon, either ſingle, 


double, or manifold, to which the Embryo is faſtened by an umbilical ſtring (2). 
The Cotyledons uſually contain a balſam, which is repoſited in proper * 
: | e 


come 22 be the ow 0 the 1 
This difficult eoffroy ſolves uppo- 
ſing the wind to be 42 vehicle t 1 4 75 
the male duſt to the female aterut: which is 
confirm'd by an inſtance from Fowranys Ponta- 
nus, of a fingle female palm-tree growing in 
a foreſt, which never bore fruit ; till havin 
riſen above the other trees of the foreſt, 
being then in a condition to receive the farina 
of the male by the wind, it began to bear 
fruit in abundance. | 

For the manner wherein the male duſt fe- 


 cundifies. the ova, M. Geoffrey advances two 
injons ; correſpondin to the two ſyſtems _ 
e firſt, that the /a- 


animal generation : 
rina being always very ſulphurous, and con- 
ſiſting of ſubtile penetrative parts, when it 
falls on the piſtil, reſolves; and its more ac- 
tive parts penetrating into the ovary and ova, 


0 
0 


excite a fermentation, which putting the latent 
Juices of the young, fruit in motion, occaſions. 


the parts to unfgld. In this hypotheſis the 
rain or ovum is ſuppoſed to contain the plant 


in miniature; and on 2 want a proper juice 
NT. | 


to put it upon expan 


n the ſecond, the Faring of the male plant 
is ſuppoſed to be the” firſt germ or emen of 


the new ant; and that it needs nothing to 
engl it to unfold and grow, but a ſuitable 
nidus, with proper » Which it finds pre- 
pared in the ovary. 


to obſeryation;; - for the little embryo's of the 


ovary, view'd,with the beſt, microſcopes, don't 


diſcover the leaſt appearance of a bud before 
the apices have ſhed their ſeed. In legumi- 


nous plants, if the getala and famina be te- 
meg. and. the pit, or part which becomes 
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This latter opinion ſeems more agreeable 


the pod, be view'd with a microſcope, cer 
yet the flower be blown ; the little, green, 
tranſparent wefiru/z, which are to become 
the grains, wil appear in their natural order, 
but without . any thing elſe beſide the 
mere coat or ſkin of the grain. If the ſame 
obſervation be continued for ſeveral days ſuc- 
ceſſively in other flowers, as they advance, 
the weſiculz will be, found to ſwell, and by 
degrees to become replete with a limpid li- 
uor, wherein, when the faring comes to be 
ed, will ap a little greeniſh ſpeck or 
globule, floating about at liberty. is cor 
ſele at firſt ſhews no ſigns of organization; 
ut, in proceſs of time, as it grows in bulk, we 
begin to diſtinguiſh two little leaves or-horns: 
the liquor waſtes inſenfibly, as the corpuſcle 
grows, till, at length, the whole grain be- 
comes ſolid and opake ; and then, upon open- 
ing it, we find its cavity fill'd with a young 


plant in miniature, and eaſily deſcry a plu- 
mula, or future ftem ; a radicle, or root; and 


the lobes of the bean or 2 

It may be added, that the vefcule, or 
grains, have little apertures which correſpond 
to that of the piſtil, by means whereof the 
ſmall particles of the farina will find an eaſy 


paſſage into the embryo of the grain, To 
this aperture or cicatricula, the radicle, when 
form'd, correſponds ; and thro” this it paſſes, 


when the grain comes to germinate “. 

(z) Tis very remarkabſe, how the plumule, 
or future ſtem ſhould always get uppermoſt ; 
and the radicle, or root, be turned down- 
' wards ; and this too, perpendicularly to the 
horizon; and not only ſo, but if, by any 
external means, the ſtem be diverted from this 


; perpendicularity, and bent, for inſtance, to- 


4 c 


random; and amon 


4 as ods ett i r 


and 
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to be the laſt and higheſt preparation of the moiſt kind, which 
nature here lays up for the uſe of her new offspring. In this is an oily, te- 


nacious matter which repels all other moiſt things, defends the Embryo, and 
by its tenacity retains and fetters the thin, pure ſpirit, which is the ultimate 
bounds and object of the actions of plants, and which would otherwiſe eafily 
fly away, This the alchymiſts call the Spiritus retter, or preſiding ſpirit, 
inhabitant of ſulphur, Archæus and ſervant of nature. This oil is too groſs 
ever to enter the fine veſſels of the Embryo. 


wards the earth ; inſtead of perſevering in 
that direction, it makes an angle or elbow, * 


and redreſſes it ſelf. | 1 

The ſame is obſerved in trees, c. blown 
down, with their roots, by the wind; or in 
thoſe planted in pots, upon turning the pot on 
one fide. 

Now, the ſeed from which a plant ariſes, 
being the plant it ſelf in little; 'tis eaſy to 
ſuppoſe, that if it be depoſited in the ground, 
with the plumule perpendicularly upward, 


and the radicle downward, the diſpoſition . 


ſhould be maintained in its future growth. 
But 'tis known, that ſeeds ſown, either of 
themſelves, or by the help of man, fall at 
- N an 1 Jn of 
tuations of the plumule, &c. the perpen- 
dicular one wont is but one: ſo that 11 all 
the reſt, tis neceſſary the ſtem and root do 
each make a bend, to be able, the one to e- 
merge directly upward, the other downward, 
Now, what force is it effects this change, 
which is certainly an action of violence? 

M. Dodart, Who firſt took notice of the 
phænomenon, accounts ſor it, by ſuppoſing 
the fibres of the ſtem of ſuch a nature, as to 
contract, and ſhorten, by the heat of the ſun ; 
and lengthen by the moiſture of the earth: 
and on the contrary, the fibres of the root to 


contract by the moiſture of the earth, and 


lengthen by the heat of the ſun. On this 
principle, when the plantule is inverted, and 
the root a-top; the fibres of the root being une- 
qually ex 
parts more than the upper, the lower will 


contract more; and this contraction be pro- 


moted by the lengthening of the u trom 
the action of t fun® The — 
whereof will be, the root's recoiling, infinu- 
—_ into the earth, and g 

neath the body of the ſeed, In a word, the 
earth draws the root toward it ſelf, and 
the ſun promotes its deſcent ; on the contrary, 
the ſun draws up the plume, and the , 
in ſome meaſure, ſends it towards the ſame . 


M. de la Hire accounts for the ſame per- 
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\ 
\ 
| 


\ 


to the moiſture, viz. the lower - 


etting be- 


The 


dicularity, by only conceiving the root to 
raw a coarſer and heavier juice; and the 
ſtem - a finer, and more volatile one : in the 
plantule, therefore, we may conceive a point 
of ſeparation ; ſuch, as that all on one fide, 
e. gr. the radical part is unfolded by the 
groſſer, and all on the other by more ſubtle 
juices. If the plantule then be inverted and 
the root a-top ; as it ſtill imbibes the groſſer 
and heavier juices, and the ſtem the lighter ; 
the point of ſeparation being conceived as the 
fixed point of a lever, the root muſt deſcend, 
and at the ſame time, that the volatile juices 


imbibed by the ſtem, tend to make it mount. 


Thus is the little plant turned on its fix'd 
point of ſeparation, till it be perfeRly erect f. 
The plant thus erected, M. Parent accounts 


for the ſtem's continuing to riſe in the vertical 


direction, thus: the nutritious juice 1 
arrived at the extreme of a riſing ſtalk, 
there fixing into a vegetable ſubſtance ; the 
weight of the wg a muſt determine it to 
fix in a vertical ion ; ſo that the ſtalk 
will have acquired a new part, perpendicu- 
larly over the reſt; juſt as in a candle, whic 
held any how obliquely to the horizon, the 
flame will till continue vertical, by the pteſ- 
ſure of theair. The new drops of juice that 
ſucceed, will follow the ſame direction, and 


as all together form the ſtem, that muſt of 


courſe be vertical, unleſs ſame particular cir- 
cumſtance intervene. 65 2's 

Add, that whereas the branches are like 
wiſe obſerved, as much as poſſible, to affect 


yet in their progreſs, they etect themſelves ; 


Parent ſolves this from the vertical ten-- 
dency of the nutritious juice up the ſtem: for 
the juice being received, in this direction, into 
the new tender bud, finds at firſt little reſiſt- 


ance; and afterwards, as the branch grows 

firmer, it furniſhes a longer arm of a lever to 

act by 1. | 
Laſtly, M. Afruc accounts for the - 


dicular aſcent of the ſtems, and their redreſſing 


themſelves, 
+ Mem. de Þ Acad. 


rpendicularity ; inſomuch, that tho* they be 
—— to ſhoot out of the ſtems horizontally, 
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19. The ſpirit being invigorated by a vegetable powe 
vital principle, and impreſſes the ſpecific character on the 


obably breathes a, 


ble power, 
deſtined for the 


Embryo; by which means every thing afterwards turns to the proper nature of 
the plant: a power which ſeems peculiar to this alone; for when the ſpirit is 
exhal'd, the oil remains inert and vapid. In this ſpiritis the fragrant odour and 
proper taſte of the plant lodged ; and even its peculiar colour has a near de- 
pendance hereon. This, 1/aac Hollandus in his phraſeology, calls Quinta 
£ſentia. In the mean time, as the dry and brittle fibres of plants require an 
oil to ſupple and make them flexible, without danger of — z there is an- 
other kind of oil lodged in plants, which runs thro? certain veſſels placed along 
the woody filaments in the middle of the ſubſtance thereof, and which upon 
heating the wood, diſtils or trickles out, and may by heat, or length of time, 
be eaſily converted into a balſam, or roſin (a2). The oil of plants being con- 


themſelves, when bent ; on theſe two princi- 
ples. 1. That the nutritious juice ariſes from 
the root to the top, in longitudinal tubes, pa- 
rallel to the fides of the plant, which commu- 
nicate, either by themſelves or by means of 
other hotizontal tubes, proceeding from the 
circumference of the plant, and terminated in 
the pith. 2. That fluids contain'd in tubes, 
either parallel, or oblique to the horizon; 
gravitate on the lower part of the tubes, and 
not at all on the _—_— wy 

For hence it eaſily follows, that in a plant 
poſited either obliquely, or parallel to the ho- 


rizon, the nutritious juice will act mort on the 


lower part of the canals, than the upper ; and 
by that means inſinuate more into the canals 
communicating therewith, and be collected 
more copiouſly therein : thus the parts on the 
lower fide will receive more accretion, and be 
more nouriſhed than thoſe on the upper ; the 
conſequence whereof maſt be, that the extre- 
3 will be obliged to bend up- 
war 


due ſituation at firſt: in a bean planted upſide 
down, the plume and radicle are eaſily fer- 
ceived, with the naked eye, to ſhoot, at firſt, 


directly, for about an inch; but thenceforth 


they begin to bend, the one downward, and 
the other upward. 

The like js ſeen in a heap of barley, to be 
made into malt, in a quantity of acorns laid to 
ſprout in a moiſt p 
barley, in the firſt caſe, and each acorn in the 
ſecond,. has a different ſituation: and yet all 
the buds tend directly upward, and the roots 
downward, and the curvity, or bend they 
make, is greater or leſs, as their ſituation ap- 
-proaches mare or leſs to the direct one, wherein 
no curvature at all would be neceflary. Now, 
two ſuch oppoſite motions cannot ariſe, with- 
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The ſame * brings the ſeed into its 


e, Sc, each grain of 


cocted 


out ſuppoſing ſome confiderable difference be. 
tween the two parts, The only one we know 


of, is, that the plume is fed by a juice im- 


parted to it by tubes, parallel to its fides; 
whereas the radicle imbibes its nouriſhment 
at all the pores in its ſurface. As off, there- 
fore, as the plume is either parallel or inclined 
to the horizon, the nutritious juice feeding the 
lower parts more than the upper, will deter- 
mine its extremes to turn upward ; for the 
reaſons already aſſigned. On the mage f 
when the radicle is in the like ſituation, 
nutritious juice penetrating more copioull 
thro* the upper part than the under, there wi 
be a greater accretion of the former than the 
latter ; and conſequently, the radicle will be 
bent downwards. And this mutual nx 
the plume and radicle muſt continue till ſuch 
time as their fides are nouriſh'd alike, which 
cannot be till they are perpendicular *, 

(a) There are three principal Salm, or bal. 
ſam in uſe among us ; viz. balm of Gilead, 
of Peru, and Capivi. The firſt, which gives 
the denomination to all the reſt, iſſues our at 
inciſions made in the body of a tree, called 
balſamum, growing in Egypt and Fudea. l he 
Juice, called alſo opo- bal ſamum, at firſt is liquid, 

at afterwards hardens into the form we ſee it 


in. is rarely had unſophiſticated. The 


marks of purity and goodneſs are, to have 3 
briſk pungent ſmell, nothing tart, to be eaſily 
diſſoluble, aſtringent and pungent to the taſte. 
Its colour is a golden yellow, and its flavour 
has ſomewhat of the citron. | The fruit of the 
tree, called carpo-bal, am, and the 
lo-balſamum, have ſomewhat of the virtue of 
e balm it ſelf. : 
The balſam of Peru is differently denom!- 
nated, according to the parts it is obtain 
from : balm of incifion is a whitiſh, viſcid juice, 
diſtilling from inciſions in the tree; and _ 
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coed by the-ſummer's heat, and being leſs expoſed to perſpire t han the other 
humours, is drawn forth into the bark, which is furniſhed with Lacune, an- 
ſwering to the Membrgna adipoſe of animals. Here it is ſtopp*d and collected 
together by the autumnal cold, and ſerves, in the courſe of the winter, as a 
kind of lining and fat to defend the body of the plant, and prevent its hang 
injured by the froſt, or ſoaking rains. It always contains an acid ſpirit whic 
is a preſervative from rotting. 
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20. In ſome Aſiatic and Indian plants the whole value conſiſts in the oil of The bart. 


the bark ; particularly inthe inſtance of cinnamon, whoſe bark is replete with 
that celebrated oil, more priz'd than gold it ſelf, The bark of the root of the 
ſame plant yields a ſurprizing oil, of great medicinal virtue, from its ſmell 
falſly called camphire. The American tree, ſaſſafras, likewiſe contains a noble 
oil in its bark; and the like is found in ſeveral medicinal plants of Europe, as 
caper, tamariſk, aſh, and the famous American quinguina, whole. chief vir- 
tucs are lodged in the bark. This oil in the winter-time is found pf 
in the bark, but in the ſummer and ſpring the warmth of the air makes all the 
Juices of the plant, which are impregnated with the ſpecific water, falt, and 
ſapo of the plant, paſs eaſily through this external tegument of trees, called 
the bark: whence of late the chemiſts have found means of procuring 
very different things from the bark, befides what. was formerly done. 

21, This native oil of the bark, when firſt collected, is liquid, but after con- 
tinuing ſome time, and becoming Fan inſpiſſated by the fun's heat, it 
appears in the form and thickneſs of a balſam, and changes its name ac- 
cordingly; by a ſtill longer continuance, anda more intenſe heat, it grows yet 
thicker, and becomes a kind of ſemi- roſin; and by a further increaſe, or con- 
tinuation of the ſame cauſes, the oil at length acquires both the nature and 
name of a roſin: which from this origin becoming more exhauſted of its acid 
ſpirit, will wholly burn in the fire, liquify by the ſame, diflolve and mix with 
oil, obſtinately refuſe to mix with water, harden in the cold, and when 
cold, lay aſide its oleaginous tenacity, and become friable (5). The refin 


it ſelf being ſtill further concocted, and conſequently hardened, is called 
colophony (c). . | 


Here 


wards dried and hardened. Dry balm, is ofa give it the colour. Sir G. Mheeler gives us 
reddiſh colour, and ouzes from the tips of the co of preparing pitch, as practiſed in the 
branches, cut off for that purpoſe. It is like Levan; a ditch being dug in the ground, 
milk at firſt, and only reddens by being ex- two yards wide at top, but grown leſs and 
poſed to the ſun. Balm by lation is black, and leſs towards the bottom; they fill this pit, 


comes from the bark, and from little branches with- branches of pinas chaſing ſuch as have 


and leaves chopt ſmall and boil'd together. the moſt gum, and obſerving firſt to flit them 
The balſam of Copa or Capivi comes from into little ſhivers, which they lay over one an- 

Brafil. It is in form of an oil; and is either other, till the place be full. This done, 

thick or tranſparent; the firſt, white, and of they cover the pit with fire ; which burning 

a refinous taſte; the ſecond more on the yel- the wood, the pitch falls down, and trickles 

low. out at a little bole made in the bottom of the 
(5) The pitch in uſe among us, is ſaid by i | | 


ſome to bea 


it. | 0 ; 
a gum iſſuing fromthe larch, maſtic, p (c) To this claſs belong turpentine,  maſtic, 
or gl wy tree; but in reality. is no mate camphor, & 
a juice of the pine, or fir, burnt and : - W355 
uced into roſin, with a mixture of tur, to roſins, iquid and id, 


, n , ' * 1 
1 W 4971 14 119 — 
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Same naturaliſts 27 uiſh, two kinds of 
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22. Here is alſo found another juice called; gum which is viſcid and tens. 
cious, liquifies by the fire, and burns therein, and in the cold, unleſs it be very 
ſevere, retains its tenacity ; yet perfectly diſſolves in water. This oily mucilage 
inveſts the buds of trees, and thus covers and defends them, but melts by a 
moiſt warmth, and thus eafily diſengages it ſelf ; nor does it harden into a 
cruſt, which might be detrimental to the tender growing buds. 

23. When this gum happens to mix with the roſin about the bark, which is 
frequently the caſe in umbelliferous plants, a new juice ariſes herefrom, called 
a gummy-rofin : one pr whereof is of a gummous nature, and eaſily diffolves 
in water ; the other, like a roſin, flies from water and readily mixes with oil, 

This property is found in aloes, galbanum, myrrh, and ſeveral others. 
Pecs ha- 24. Laſtly, in every plant is found one proper, or ſpecific juice, formed 
juices, by the joint force or reſult of all the ane of the body ſucceſſively apply'd to 
| N the crude juice imbib'd ; and being thus ultimately prepared, contains the true 
properties of the plant, and the virtues arifing from them: this can ſcarce be 
referred to any claſs of known things, but muſt be conſidered as a thing fin- 

and of its own kind. 

25, If a leaf of the greater celandine be viewed as it grows on a living, vigo- 
rous plant; the fibres may be ſeen iſſuing from the talk of the leaf, and opening 
and diſperſing themſelves thro* the whole extent thereof. Theſe ramifia- 
tions frequently unite together, and form as it were a kind of net-work; 
wherewith the whole area of the leaf is filled. Upon pricking one of theſe 
nerves, there immediately iſſues out of the wound plenty of a golden juice, 
which contains the genuine virtues of the plant celandine; ſo in the common 
aloes, in the ſpring-time, we find a yellow, bitter juice lodged in proper duct 

for the purpoſe, and capable of being drawn thence by art: ſo a wounded 

g poppy emits a pure milky opium. But if theſe juices be mixed with others of 
the ſame plant, there will ariſe from the mixture ſomething very different 
| from what they are when ſeparate (4). | 
| 26. Thus much we thought proper to explain concerning the hiſtory of 
| . plants, before proceeding to ſhe in what manner they are treated by chemiſtry: 
and this may ſuffice. Hence appears the vanity of thoſe chemiſts whoundertake 
to exhibit ſuch parts of vegetables ſeparate from the reſt, wherein the whole 
virtue of each plant is lodged. Tis certain they muſt either have ſome other 
means for obtaming thisend, very different from any hitherto known, or al 
their endeavours will little avail, except to deceive themſelves. 

27. With the chemiſts leave, their diſtillation, fermentation, putrefaction and 
calcination make ſuch a change in the peculiar texture of each body, and the 
medicinal yirtues dependant en that the utmoſt caution muſt . 

FR. 4 | 5 30 23816; 3 | | ore 
Juſt as it diſtils from the tree ; the ſecond only form in reſpect of their elements, than fo 
Uiffers from this, in that it has been infpif. fle: in the analyſis, they all afford %, 
ſated by the heat of the fun, or fire. water, earth and ſulphur ; but then the falt 

The common colophony is only turpentine, of three ſeveral ſorts, wis. acid, urino 
-boiÞ& in water, to 4 ſolid conſiftence. Pills and lixiviate*. Theſe principles are all m9" 
made hereof are what we call tarpentine-pills, or leſs volatile, as a greater or leſs fire 
ifo tyack «fed i» the 'reperenl diſeaſe, e, weed: or a8 the plant has een fermented u 
e Vegetible" bodies ade fänd mare uni- not 7. 
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The Theory of CurursTRyY: 


fore the cauſe of their action can be aſſigned. It does not hence follow that ſo 

noble a ſcience ſhould be rejected, but rather cultivated with the more zeal, 

as being the only one that ſhews what may be drawn out of a body by any 

certain 3 and the only one that detects the failings of its profeſſors: 
| 


two exce 


encies which enable it to produce an infinite number of beautiful and 
uſeful things. A ſpiritus rector, or preſidin 


ſpirit, a ſovereign oil, the 


true ſcat of this ſpirit, an acid ſalt, a neutral falt, an alcaline ſalt, either fix'd 
or volatile, an oil mixed with ſalt after the manner of a ſoap, and a ſapona- 
ceous juice hence ariſing, an oil firmly adhering to the earth, ſo as ſcarce to be 
ſeparable therefrom; and laſtly earth it ſelf, the genuine firm baſis of all the 
reſt: theſe are the principles, or matters, which a well conducted chemiſtry has 


hitherto produced from plants (e). 


(% Agreeably to the method hitherto ob- 
ſerved, it will be neceſſary to ſubjoin a ſcheme, 
or diviſion of the ſeveral ſubjects of the vege - 
table kingdom. | 

Plants, then, are popularly divided, with 
reſpect to magnitude, into trees, arbores 3 
ſhrubs, frutices ; and herbs, or ſuffrutices. 
Again, with reſpect to their food, and the ele- 
ment they live in, ts are divided into ter- 
retrial, or land-plants ; aquatic or water- 
plants; and amphibious, or thoſe which live 
indifferently in land or water. 

The botaniſts make more minute diſtribu- 
tions : Mr. Ry cularly , diſtinguiſhes 
plants into 25 claſſes, or genera : wiz. 1. In- 
perfect plants, which are ſuch as appear to 
want the flower and ſeed, as corals, ſpunges, 
Oc. 2. Plants producing an imperfe& flower, 
and whoſe ſeed is too ſmall to be diſcerned by the 
naked eye, as fern, polypody, &c. 3. Thoſe 
whoſe flowers avant petala, as hops, hemp, 
nettles, docks. 4. Thoſe with a compound 
Hower, and which emit a milky juice when cut 
or _ z as — dandelion, ſuccory, c. 
5. Iboſe with a compound flower of a diſcous 
form, and whoſe feed wen Twing'd a frm as 
— —— Se. 4 den" capitatæ, 

e Wwhoſe flower is co 4 „ fiftu- 

lous flowers 22 into — ts . 
covered with a ſcaly coat; as the thiſtle, 
yu burdock, blue-bottle, &c. . 7. Corym- 
iferous plants with a diſcous flower, but no 
down; as the daiſy, yarrow, corn-marygold, 
Sc. 8. Plants with a perfect flower, but only 
one ſeed to each flower ; as valerian, agrimony, 

rnet, e. 9. Unmbe — plants, with a 

flower of five petala, and two ſeeds to each 
flower : which being a large genus, is ſubdi- 
vided intoſeven ; viz. thoſe with a broad 
fat ſeed like a „as wild garden- Ip: 
with a longiſh and larger feed, fi ling in 
the middle, as cow-weed, and wild chervil : 


with a ſhorter ſeed, as angelica: with a tu- 


of 
berous root, as the earth-nut: with a ſmall 
ſtriated ſeed, as caraway, fſaxifrage, and bur- 
net: with a rough hairy ſeed, as parſly, wild 
carrot : with entire leaves undivided into jags, 
as ſenicle, and thorowax. 10. Steliate plants, 
whoſe leaves grow round the ſtalks, at certain 
intervals, in form of ſtars ; as mugweed, mad- 
der, &c. 11. Reugh-leav'd plants, which 
have their leaves placed alternately, or in no 
certain order along the ſtalks ; as hounds- 
tongue, mouſe- ear, c. 12. Suffrutices or 
wverticillate plants, whoſe leaves grow by pairs, 
on their ſtalks, one leaf right againſt another; 
the flower being monopetalous, and uſually 
in form of a helmet : as thyme, mint, penny- 
royal, vervain, &c. 13. Polyſpermous, or 
thoſe with many naked ſeeds, at leaſt more 
than four, ſucceeding their flower, as crow's- 
foot, marſh-mallows, cinqueſoil, ſtrawberries, 
Sc. 14. Bacciferous plants, or ſuch as bear 
berries ; as briony, ſuckle, Solomon's 
ſeal, lilley of the valley, nightſhade, aſpara- 
gus, Sc. 15. — 7 or corniculate 
1 which aſter each flower produce ſeveral 

ng. ſlender f/ique,- or caſes wherein their 
ſeed is contained; as or pine, navelwort, bears- 
foot, columbines, G c. 16. Vaſculiſtraus plants, 
or thoſe with a monopeta/ous flower, and which 
after each flower have a veſſel, beſide the ca- 
lyx, containing the ſeed ; as henbane, bind- 
weed, rampions, fox-glove, eye bright, &c. 
17. Thoſe with an uni ene 
ing their ſeeds in oblong filiquous caſes, 

as ſtock-jillyflower, muſtard, radiſh, &c. 
18. Vaſculiferous plants, with a ſeeming tetra- 


petalous flower, but of an anomalous, or un- 


certain kind, and in reality only monopetalous, 
falling off all together in one, as f. 1 
fluellin, plantain, yellow and POPPY, 
Sc. 19. Leguminous plants, or ſuch as 
pulſe, with a papilionaceous flower, conſiſting 
of four parts, join'd at the edges; as peas, 
beans, vetches, u liquorice, * 
2 WC. 
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Of ANIMALS. 


1. The third kind of bodies confidered by chemiſts includes the animal king- 
dom; we mean the bodies of animals, and the parts thereof: The other 
principle, viz. the mind, being no way the ſubje& of chemical enquiries. # 

„ An animal, therefore, in this ſenſe, may be defined, an hygraulic body 
c which lives by a continual determinate motion of juices in veſſels; and 
containing vaſcular parts within it ſelf, whereby, as with roots, it imbibes 
« the matter of its nutriment and accretion (/). 

2. The veſlels which do this office of roots are found, in almoſt all known 
kinds of animals, chiefly ſeated in the cavity of their ſmall inteſtines, and 
known by the names of lacteals and meſenteries. The meat and drink which 
is brought to the abſorbent mouths of theſe veſſels afford the nutrimental 
matter, and ſupply the office which the earth does to plants; the cavity 


therefore of the mouth, gullet, ſtomach, and ſmall 


ts, which are in every 


animal, contribute to the ſame ; and thus plants imbibe their food by external 
roots, animals by internal ones; and the alimental earth which is always on 
the outſide of plants, is withinfide of animals; which condition even obtains 
in thoſe kinds of animals that naturally adhere by a ſtrong ligament to ſome o- 
ther body, as we find in muſſels, oyſters, and other Zoophytes whoſe ſhell grows 
faſt by a callous ſubſtance to ſome adjacent ſtone, or wood; yet theſe teſta- 
ceous covers are regularly nouriſhed, while the animal lives, by certain veſſels 


fc. 20. Vaſculiftrous plants, with a penta- 
petalous or a flower ; as maiden — 
campions, chickweed, St. Fohn's-wort, flax, 
primroſe, wood-ſorrel, &c. 21. Plants with 
a true bulbous root, as garlic, daffodil, hya- 
cinth, ſaffron, &c. 22. Thoſe whoſe roots 
1 nearly to the bulbous form, as flower 
lys, cuckoo-pint, baſtard hellebore, Cc. 
23 Culmiferous plants, with a graſſy leaf, and 
an imperſect flower, having a ſmooth, hol- 
low, jointed ſtalk, with a long ſharp-pointed 
leaf at each joint, and the ſeed contained in 
a chaffy huſk; as wheat, barley, rye, oats, 
and moſt kind of graſſes. 24. Plants with a 
a leaf, but not culmiferous, with an im- 
perfect, or ſtamineous flower ; as ruſhes, cats- 
tail, Sc. 25. Plants, whoſe place of growth 
is uncertain ;' chiefly water-plants, as the wa- 
ter-lilly, milk-wort, mouſe-tail, &c. 

(f) As circumipe& as our author has been 
in framing his definition, there may, perhaps, 
be animals it does not agree to; and ſuch we 
take muſſels to be. That anomalous creature 
breathes, and receives its nouriſhment, not at 
the mouth, but by the anus. The part which 
we account its Sead, tho' without either eyes, 
ears; or tongue, or any other apparatus, hs 
a hole, which we call its mouth, is an im- 
moveable part ; being faften'd to one of the 


Wy 


appro. 
ſhells, ſo that it cannot go to ſeek for food, 
but the food muſt come to ſeek it. This food 
is water, which, as the ſhells open, enters in at 
the anus of the muſſel, which opens at the 
ſame time; and paſſing thence into certain 
canals between the inner ſurface of the ſhell, 
and the outer ſurface of the animal, is cor 
vey'd thence into its mouth, by a certain 
motion which the animal can Rey — at plea- 
ſure. From the bottom of- the mouth pro- 
ceeds a ſort of inteſtine, which paſling theo 
the brain, and making ſeveral circumvolu- 
tions in the liver, traverſes the heart, and ter- 
minates in the anus. Nor does the canal, 
taken for an inteſtine, ſeem proper to carry 
the food for the nouriſhment of the parts; 
ſince it does not diſtribute any branches there- 
to. Add, that it has no veins, or arteries, 
nor any circulation : and what is yet further 
ſurprizing, it is an hermaphrodite ; but an 
hermaphrodite differing from all others of 
that kind known, as, propagating indepen” 
dently of any other animal, — is itſelf 
both the father and the mother of its owl 
offspring a 
The ingenious Dr. Ty/on fixes the criterion 
of an animal to be, a dufus alimentalis, i. 6. 
a gula, ſtomach, and inteſtines, all which 
but one continued canal. 


. See its anatomy at length in the Mem, de Þ Acad. R. des Scienc. 
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appro riated for that office, and from the matter of the body it ſelf ; and the 
animal contained in them receives its nutriment by the mouth, and conveys it 


to the inteſtines, like other animals which move at liberty from place to 


place (HG). 


02 Some of our Jateſt naturaliſts have diſ- 
covered a progreſſive motion in ſeveral ſhell- 
fiſn, which were uted to be fixed. M. 
Poupart, in particular, ſhews that muſſels 
walk on the ground, and ſome ſpecies of 
them, even tumble along the ſurface of the 
water. Their way of walking is thus : lying 
on the flat of their ſhells, they thruſt out a 
part, in form of à tongue, which from its 
uſe may be called the arm: with this they 
make little motions to the right and left, and 
by that means 45 a paſſage in the ſand or mud 
of the place. In this digging, they ſtoo 
gradually on one fide ; and ſo get the ſh 
mounted on edge. This done, they ſtretch 
the arm out, as far as they can, for a minute 
or two; and then reſt on its extremity, to 
draw the ſhell after them, as water-ſnails do. 
Which motion they repeat as long as they 
mean to walk ; thus forming themſelves a 
ſort of groove in the ſand, which ſuſtains the 
ſhell on either ſide ; and leaving behind them a 
ſort of irregular track, three or four yards 
long. In givers, &c. that abound in muſ- 
ſels, one ſees abundance of theſe tracks, and 
a muſſel always at the end of them. M Pou+ 
part adds, that not having diſcover'd an 
muſcles, whereby this motion ſhould be ef- 
fected, he ſuppoſes that they only ſtreteh out 
of the ſhell by imbibing a great quantity of 
water 

In ſea-muſſels, M. Reaumur has obſerved, 
that what we may call the arm or keg, which 
in its natural ſtate is not above two lines-long, 
may reach out of the ſhell above two inches; 
and the animal having laid hold of ſome fix'd 

int, with this arm thus ftretch'd out, 

„and ſhortens it, and thus drags the 
body after þ. 

Monſ. Meyy, in his anatomy of the pond- 
muſſel, ſhews that the whole belly of the 
animal, when it walks, thruſts out of the 
ſhell, in form of the keel of a ſhip ; and that 
1t creeps on its belly as the ſerpent does. 
He even deſcribes the muſcles, by whoſe al- 
ternate action che whole mechaniſm is per- 
form'd x. | 

The /avignon, a ſhell-fiſh, frequent on the 
coaſts of Poi&tou,) of the ſpecies of thoſe call'd 
by the naturaliſts chame, or hiatule, adheres, 
by its ſhell, to the bottom; and has à motion 


* Mem. de V Acad. an; 1 706. 
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goats-eye, by naturaliſts called / 


Add 
the | of two horns, which it thruſts out 
of its ſhell, and therewith receives, and ex- 


pels the water it needs for reſpiration. The 
pas and pa- 
tella, is a ſhell-fiſh, of a ſingle piece, always 
growing to a ſtone, upon which its lower ſur- 

ce is applied: the only motion it appears to 
have, is to raiſe the ſhell about a line from 
the ſtone ; and thus leave ſo much of its body 
bare to the water : but M. Reaumur ſhews, 
that it has likewiſe ſomewhat of a progreſſive 
motion along its ſtone. 

The /ea-nettle put Pliny in doubt to which 
claſs of bodies to refer it, plants or animals ; 
but he concludes, after 4ri/fotle, to make it 
of an intermediate kind. Its moſt uſual fi- 

re is that of a truncated cone, the la 

ſe whereof is always faſten'd on a ſtone, 
The planes of its two baſes are circular muſ- 
cles; and there are recti, or ſtrait muſcles, 
proceeding from one to other. All the 
greſſive motion of this animal conſiſts in this, 
that one half of the muſcles of both -kinds, 
which are on the fide to which it would move, 
ſwells and extends; while the other half, 
thus weigh'd down, is either drawn after it, 
or puſhes it forward the ſame way. But the 
motion here is ſcarce ſo ſwift, or ſenſible, 
as that of the hand-of a dial-plate. There 
is another ſpecies of ſea-nettle, which does 
not grow to any thing ; popularly called, 
and accounted as a /ea-zelly ; which it per- 
fectly reſembles, both in colour and conſi- 
ſence: ſo that if it be held a little in the 
hand, the fingle warmth thereof will entirely 
diſſolve it into water. The warmth of a ſum · 
mer's day or two exhales and reduces it al- 
moſt to nothing; leaving only behind it a thin 

llicle, like a fine parchment. What places 
le in the claſs of animals, is, that it has a 
0 and diaſtole, the only ſymptom it gives 

ife |. | [IRIS 

— of ſhells is well accounted 
for by M. Reaumur : before him, naturaliſts 
had been contented to ſuppoſe the animal, 
and its ſhell, to ariſe from the ſame egg. 
and to feed and together ; but that au- 
thor gives us other notions. He has found 


by evident experiment, that the ſhell, 2 
* 


of garden ſnails, is form'd of the matter 


pires from the body, hardened after its 


+ Mem. de Þ Acad. 1710. 
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3. Add, that the fœtus of theoviparous kind, lodged and as it wereimpriſoned 
in eggs, till by the brooding warmth they become augmented from the Albumen, 
ſo that quitting the yolk wherein they were before confined, they break their 
cover, and are ſet at liberty; as alſo thoſe whoſe eggs are laid within the 
mother's uterus, growing thereto by means of Coty/edons, or a Placenta with 
an umbilical ſtring : all theſe at this time, by their Cotyledons, Placenta, yolk 
umbilical ſtring, and Omphalo-Hepatic veſſels, reſemble the plant kind; not 


diſcharge by the air. 'Tis certain, that all 
animals do alſo perſpire, and are ſurrounded 
with a ſort of cloud, or atmoſphere, exhaled 
from them, and which tis probable aſſumes 
ſomewbat of this external figure: and what 
ſnails have liar to them; is, that the at- 
moſphere of their perſpiration condenſes and 
hardens around them, and forms them a vi- 
ſible cover, whereof their body is, as it were, 
the core; whereas, what other animals > 
ſpire, evaporates, and loſes itſelf in air. This 
difference ariſes from the different ſubſtance 
tranſpired ; that from ſnails, c. being viſ- 
cid, and cretaceous, as M. Reaumur finds by 
experiment. | | 
On this principle, though the ſhell do the 
office of an univerſal bone, it does not grow 
like a bone, nor like the other parts of an 
animal, by intro-ſaſception, that is, by a 
juice circulating within itſelf ; but by juxta- 
poſition, i. e. an external addition of parts, 
over one another; as itones are uſually ſup- 
poſed to grow. And it is worth obſerving, 
that there is an animal ſubſtance which grows 
after the manner of foſſils. | 
To be a little more explicit : it muſt be re- 
member'd that the of a ſnail is always 
next the of the ſhell, and its tail to- 
wards the point or apex thereof; and that its 
body, from ſome cauſe or other, naturally 
forms itſelf into a ſpiral, the different turns 
or circumvolutions reof, are in different 
prone. This ſuppoſed, take a ſnail juſt 
d, and in its firſt littleneſs 3 ſince the 
matter it perſpires petrifies around it, it muſt 
firſt have @ little cover, proportional to the 
bigneſs of its body; and as its body is yet 
too litttle to make a turn of one ſpiral, at 
leaſt a whole turn; this cover will only be 
the centre, or, as it were, the beginning-of a 
little turn of a ſpiral. a i wn era 
nues growing: if it ceaſed withal to ire, 
"tis evident * ſo much as it ſnould be in- 
creaſed by, would remain naked: but as it 
continues to tranſpire, it makes itſelf a new 
covering, in rtion as it grows, which 
new Cover -is at the extremity of the 
firſt ; and if the ſnail have grown to make a 
ſecond ſpiral turn, the alſo makes a ſe- 


* Mem. de Acad. R. des Scienc. an. 1709. 


| | but 
cond : at the ſame time, the -animal has like. 
wiſe grown in thickneſs, ſo that this ſecond 
turn, is bigger than the firſt. The reſt go 
on in the iame manner: and in an ordinary 

rden-ſnail there may be ſome four or five 
* aw rey? 0g" ; 

ence we ſee why the firſt turns of a 
ſnail, which, for inſtance, has only — 
two, are as big as thoſe ſame turns of an 
older ſnail ; for what is once form'd of a ſhell, 
does — any further, except in thick- 
neſs: and accordingly, tho' the firſt circum. 
kay wad a young, en ſnell be as long 
road as thoſe of an old one, a 

ſo thick *. n 
M. Mery objects, that tho? this formation 
may hold in the ſhells of ſnails, yet it does not 
in the ſhells of muſlels : for 1. Theſe ſhells are 
viſibly compoſed of ſeveral laminz, or leaves, 
whic ing out beyond each other, form 
diſtin& bands, or zones, on the outer ſurface 
thereof ; and the little ſhells are found to have 
as many of theſe bands, as the - greateſt; 
whence it follows, that muſſel-ſhells grow 
like the other parts of animals, which, how 
little ſoever they be, do always conſiſt of the 
ſame number of parts. 2. Add, that- the 
bands in the ſhell of a little muſſel, are le 
than in a large one; and of conſequence 
mult grow as the animal does, and in the 
ſame manner. 43. A muſſel has eight little 
muſcles, faltened in the inner ſurface of its two 
ſhells: now if the ſhells did not grow in the 
ſame manner as the ſh, it would follow, that 
thoſe which at firſt were faſtened in certain 
parts of the young muſſel, muſt be continual!) 
changing their place of faſtening, to the ut- 
molt growth of the animal; which ſcarce 
ſeems poſſible, and has no parallel in any 
animal known +. | 

But M. Reaumur vindicates his ſyſtem from 
all theſe objeQons : to the two firſt he anſwers, 
that there are ſometimes even more bands in 3 
lefler muſſel-ſhel! than a greater; but that this 
does not 1 — either intro- ſuſception or juxta. 
poſition; being intirely owing to this, that 
the diſtinction of the bands is liable to be diſ- 


turbed, and two to be made ap as only 
one, by the edges of the laminz, _—_ 
5 
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but they receive food by the mouth from the reſervatory of the Amnios, and 
convey it to the inteſtines, and are ſuſtained after the manner of others (). 

4. There appears therefore a wonderful conformity as well as diverſity, be- 
tween vegetables and animals.—Hence, as ſome plants grow fixed in the 

round, others float on the water, and others live indifferently in either place 
o it is in animals, ſome of which are terreſtrial, others aquatic, and others 
amphibious : and as plants by the abſorbent veſſels of their bark imbibe 
moiſture from the air, ſo do animals. 

5. A great agreement alſo 1 between them, upon conſidering that they 
are both ſuſtained with the ſame food. As plants conſiſt of a juice drawn 
from the earth, ſo are animals fed with vegetables, or other parts of animals, 
which themſelves were fed with the juices of plants; ſo that the matter is the 
ſame in both. 

6. And as the juice which vegetables imbibe from the ground by the abſorbent 
veſſels in their roots, is crude, and not yet reduced to a vegetable nature; ſo the 
food and chyle formed thereof, is not yet of the nature of the animal fed with 
it; but long retains that of the — whence it was taken. | 

7. Hence it is gradually changed by the organical ſtructure of the animal, and 
the mixture of concocted juices therein, into various other forms and new 
kinds in every different part of the body; as will be explained more at large 
elſewhere : it may ſuffice for the preſent purpoſe to obſerve, that the food 
continually recedes the further from its own nature, and approaches nearer to 
the properties of the animal it is found in, the longer it is circulated thro? all 
parts of the body, and mixed with a greater variety of its juices, 


8. The moſt ſubtile part of the juices of animals is a fine ſpirit, which is con- Spirits in anj- 


151 


tinually exhaling, wherein the proper character of the animal ſeems to reſide, nal. 


and whereby it is diſtinguiſhed from all others. This we may infer from 
hounds, which thro? a long tract of ground, and a multitude o croſs treads, 
will diſtinguiſh a icular animal out of a whole flock, the effluvia of 
Whoſe footſteps it lately ſcented, or will find out their maſter thro? an 
hundred croſs ways in the middle of a confuſed concourſe of people. By this 
we may infer how thin and ſubtile, yet how different from all other kinds of 
bodies theſe uvia muſt be. They ſeem of an oily origin, or to reſide in a 
ſubtile vehicle of an oily kind ; as may appear both from the analogy of things 
and other properties. | | W 
ater, 


being broke or wore down, by the attrition hb) * How the fcetus is nouriſhed in the womb, 
of the ſand, ſea-water, &c. The third diffi- Dr. Drake obſerves, is a queſtion as much 
culty be obviates by a parallel caſe: crabs, _ ** agitated among anatomiſts as any Whatever: 
lobſters, Ge. are covered with an external © ſome contend that it is nouri by the 
cruſt, or ſhell; and have muſcles or ligaments, © mouth ; others will have it receive its in- 
wherewith they are faſtened on the infide © creaſe, and grow like a vegetable, from the 
thereof: and et they caſt their ſhells every mother as from the root, of which the um- 
year; and new ones : notwit i <« hilical veſſels are the ſtem, and the child 
which, they are always found faſt tyed in - the head or fruit f.“ Were it not for that 
their ſhells, and never looſe therein. Conſe- ſmall ſhare of muſcular motion, which the 
quently” their muſcles: or ligaments muſt be  feetus exerciſes in the womb, it might with- 
transferred from the old - cruſt to the new: out] abſurdity be accounted as a graft upon a 
and the mechaniſm whereby that is effected, branch of the mother |. 
may be applied to muſſels 5. 


Men. de Þ Acad. an, 1716. A. ib. I. 2. e. 2. 
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Water. 


Salt. 


in reſpect of the humours of animals, and is ſo intimately mixgd with all, even 


acid; eaſy to be reſolved into a fetid, volatile oil, and alcaline falt, and ac- 
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9. Water, which affords the chief matter of moſt other bodies, doesthe ſame 


the moſt ſolid parts of animal bodies, that there is ſcarce any entirely without 
it; as chemiſts have long ago diſcovered, 

10, They containa falt peculiar toeach animal, beſide thoſe other falts which 
they receive from without, and are not altered by the habit of the body. 

11. But this ſalt is never found fix d; nor is it yet ſo volatile, as toexhale by 
the greateſt heat an animal is capable of, while in a ſtate of health, Yet a fire, 
ſornewhat ſtronger than that of boiling water, by long application volatilizes 
the whole of it. 

12. Nor has this ever been found of an acid kind, except where it was oc- 
caſioned by ſome acidity in the aliment. Nor has it by any experiment 
been found to have been alcaline, either in ſound, or even in diſeaſed ani. 
mals. I have examined the urine of a perſon, which by reaſon of aniſchuri, 
had been detained five days in his body, yet found not any thing alcaline 
therein, | 

13. But this ſame ſalt either by means of putrefaction, or of a vehement fire, 
may be rendered wholly alcaline : but when by a careful proceſs, it is formed 
into glebes, which is only done by inſpiſſation and leaving it to reſt, it is found 
different from all the hitherto known kinds of ſalts; and approaches neareſt 
to the nature of /a/-ammoniac, from which, notwithſtanding, it differs in ſe- 
veral reſpects; ſince the latter, when expoſed to a ſtrong fire, ſublimes in its 
whole ſubſtance, without being changed; whereas the former being extracted 
from urine, the proper Lixivium of animal ſalts, preſently becomes alcaline 
in its whole ſubſtance. in; | | 

14. In fine, after a multitude of experiments which I have made to determine 
the true nature of animal falt, as it is found in the bodies of healthy animals, 
and there exerts its natural power; it appears to be mild, ſaponaceous 
formed of a concrete oil, of an intermediate nature between thoſe called vo- 
latile and fixed ſalts, having none of the characters either of an alcaly, or an 


cordingly much diſpoſed to putrefy. Nor let any one be led into an error b 
finding afix'd falt in the lye of burnt animal-aſhes ; this being only the eff 
of the ſea· ſalt which had been taken into the body, and had undergone al 
the actions and operations thereof, without changing its nature, or being al- 
ſimilated with the animal ſubſtance. To the ſame origin we may attribute 
that little acidity obtained with much labour, and the utmoſt torture of the 
fire from human blood; which ſeems only to be an acid ſpirit of ſea- ſalt mix'd 
with earth, and violently agitated by the fire: and hence, animals which 
make no uſe of {ca-falt in their food, of neceflity have no fix'd ſalt in their 
urine, or acid in their blood. | 1 

136. The oils of animals examined by chemiſtry, are found very different; 
ſome, being ſo ſubtile as to be miſcible with water, and volatile by a gentle 
Heat, bear a reſemblance to the vegetable ſpirits produced by fermentation, 
which however they are very different from. Others are found extremely 
mild, deſtitute of almoſt all ſalt, being uſed for anointing, ſmearing, and 5 
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pling the ſolid parts: Some of theſe being lodged: in the cavities of 
the bones, are called marrow z others placed in the” Membrana! adipeſa are 
called fat, where it is reſerved for its proper uſe ; which is to cortect the 
acrimonious juices of the body: and they are ſometimes found ſwimming on 
the blood. | | f | 

16, Another ſpecies of oil different from the former, is that which cohering 
with the ſalts of animals, renders them ſaponaceous and ſuitable to the body: 
this, when ſeparated, is ſharper, more fetid and volatile, than auy of the 
former.  - 6-86: | 

17. Another oil is that which joins the elements of the ' ſolid parts into 
firm ſubſtances, yet ſo as to preſerve the neceſſary — This grows 
up with the earthy elements, and is ſcarce ſeparable therefrom, except by 
a violent fire, or being long expoſed to the action of air, water and heat, 
which putrefying it, makes 1t let go the volatile, matter of the oil, leaving 
= ſome incoherent aſhes ; as we find by the very fetid ſmell ariſing there- 

m. . | 

18, Another oil of an extraordinary kind, is that expreſſed from the juices of 
animals, by inſpiſſating and then expoſing them to a _ and violent heat. 
This is known by the name of Phoſphorus, and confiſts of a ſubſtance which 
ſpontaneouſly takes fire in the open air, and burns away to an acid, fix d, hu- 
mid matter. . 

19. Laſtly, the baſis of the body, and that upon which the reſt are faſtened, 
and whereby the humours are retained, is earth. This appears the ſame 
in animals as in vegetables, as- may be learnt from the tefts and muffles 
wherein the aſſayers prove their metals. The only terreſtrial matter fit to 
make theſe of, is a very ſimple kind of earth, not fuſible in fire, nor 
capable of running into glaſs ; but the ſame may likewiſe be made, equall 
fit for the purpoſe, of the pure calx of burnt vegetables, or animals, — 
cleanſed from the aſhes of any other fewel which may happen to be mixed 
with it. Nor do the earthy parts thus produced appear to differ in any 
reſpect from one another. 

20. Such are the elements which occur in the ſtructure of animal bodies; art 
diſcovers and exhibits no more nor greater diverſities. But it is in vain to expect 
that by carefully ſeparating theſe, and artfully mixing them again, we ſhould 
re-produce the natural humours from whence they were obtain d. On the con- 
trary, by ſuch mixture we ſhould produce compounds very different from the 
ptunitive ones; for in each part of an animal we find humours of a peculiar 
kind, which always appear ſpecifically different from one another. In 
one place the bitter -bile is found, in another the hepatic; the ſeminal juice 
1s only found in its proper receptacle ; the moving ſpirits are generated 
in another place; the chyle is different according to the different parts of 
the body, as the ſtomach, inteſtines, meſentery, Duttus Chyliferi, Vena 
cava, heart, lungs, arteries, Sc. and the like . e ſaid of the humors 


* it, as the milk, fat, lymph, ſerum, ſaliva, blood, urine, and 
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21. Upon the whole, we may diſcover a near reſemblance between the elements 
of plants and animals, which latter are made up of the ſame matter with ye. 
getables: the chief difference conſiſts in the variety of their ſtructure, and the 

icker paſſage of the aliment thro* the bodies of animals, than of plants, 
And thus much may ſuffice for the object of chemiſtry (i). 


60 © Animals afford the ſame elements, by three ſorts, and that of animals only of two, 
« a chemical analyſis, as vegetables; vis. © wiz, urinous and lixiviate, without any 
« ſalt, ſulphur, earth, and water; with this * manifeſt acid.” Homberg. Mem. de Þ Acad. 
« difference, that the ſalt of vegetables is of R. an, 1702, | 


erent laws: and 
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CHEMISTRY. 


I, G RY is employed in changing the bodies contained in the 
three claſſes above ſpecify d. and the change it produces in them is 


effected by means of motion alone (H). 


(4) Motion, thus, being the means whereby 
chemiſt operates; * of motion, 
i. e. mechanics, becomes the key, whereby its 
operations are to be accounted for. 80 far, 

en, as we know of the nature, and laws of 
motion ; ſo much we may conceive of the 
means —— a chemical effect is produced. 
But our knowledge here, is in reality very 
ſcanty, and confined to narrow bounds : many 
of the laws of motion, percuſſion, &c. in ſen- 
ſible bodies, under various circumſtances, as 
falling, projected, &c. are well aſcertained 
by the meer philoſophers but theſe will not 
reach to thoſe more remote, inteſtine motions 
of the component particles of the ſame 
bodies whereon the changes of texture, co- 
lour, properties, &c. induced by chemiſtry, 
d + Beſide the common laws of ſenſible 
maſſes, the minute they are compoſed 
of, ſeem ſubject to ſome others, which have 

| been but lately taken notice of, and are yet 
little more than gueſſed at. Sir I. Newton, 

to whoſe happy penetration we owe the hint, 
contents himſelf to eſtabliſh, that there are 
| motions in the minima nature, and that 
they flow from certain powers, or forces not 
reducible to any of thoſe in the great world. 

In virtue of theſe ers, he ſhews, that the 
ſmall particles of bodies act on one another 

even at a diſtance; and that many of the 
W phznomena of nature are the reſult hereof. 
en ſenſible bodies, we know, a& on one 
another divers ways; as by gravi , ma 
im, and electricity, which are direfted by 
as we thus perceive the 


4: 


Motion 


tenor and courſe of nature, it will appear 
hight probable, there may be other 8 
Thoſe juſt mentioned, reach to ſenſible di- 
ſtances, and ſo have been obſerved by vulgar 
eyes: but there may be others, which reach 
to ſuch ſmall diſtances, as have hitherto 
eſcaped obſervation ; and 'tis probable elec- 
tricity may reach to ſuch diſtances, even with- 
out being excited by friction. 

The great author juſt mention'd, 
to confirm the reality of theſe ſuſpicions from 
a great number of phznomena, and experi- 
ments, which plainly argue ſuch powers and 
actions between the particles, e. gr. of falts 
and water, oil of vitriol and water, aqua fortis 
and iron, ſpirit of vitriol and falt-petre. He 
alſo ſhews, that theſe powers, c. are un- 
equally ſtrong between different bodies, be- 
tweenſthe particles of falt of tartar, or greater, 
for inſtance, and thoſe of agua fortis, than 
thoſe of filver ; between aqua fortis and /apis 
calaminaris, than iron ; iron more than cop- 

r, copper more than filver or- mercury. 

ſpirit of vitriol acts on water, but more on 
iron or copper, &c. , 

Theſe actions, in virtue whereof the par- 
ticles of the bodies above-mentioned tend to- 
ward each other, the author calls by a gene- 
ral, indefinite name, attraction; which is e- 
qually applicable to all actions whereby bodies 
tend towards one another, whether in virtue 
of their weight, magnetiſm, electricity, im- 

ulſe, or any other more latent power; for 

tis not the cauſe — the bodies to 
approach, that he 3 y this _— 
2 ut 
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2. Motion then may either be excited a- new; or be ſuppreſſed when already 


raiſed; or be changed in its degree, by increafing or diminiſhing it; or the quan- 
tity of it may remain the ſame; or only its courſe and direction be changed; 
which changes again are ſometimes of the whole ſubſtance, and ſometimes 
only of ſome of the conſtituent particles whereof it is compoſed. From theſe 
few ſimple actions therefore, all the effects of chemiſtry muſt ariſe ; tho? by 
reaſon of the numerous, different kinds of corpuſcles ſubject to them, there 
reſults a vaſt variety of new and wonderful facts, caſes and appearances : yet 
if we conſider the thing cloſely, it will evidently appear whence they all 
ariſe, and that the art has no other to work by. Suppoſe, for inſtance, a 
fingle corporeal maſs wholly at reſt; that is, all its particles mutually 
quieſcent among themſelves, ſuch as it was at the beginning, muſt it not 
remain the fame and * in all future times? Tho' the whole 
power of chemiſtry were applied to it, yet if it raiſe no motion in any of its 
parts, it muſt remain as it did; or ſuppoſe a motion communicated to the 
whole maſs, whereby it is removed to another place, without making any fur 
ther change in the conſtituent, parts of the body, the idea of ſuch body wil 
ſtill remain the ſame; with this only difference, that the ſituation of it is 
changed every inſtant, But if a motion be raiſed among the parts, we may 
conceive an inexhauſtible variety of effects and changes producible therefrom, 
Chemiſtry then, is totally employ'd, either in uniting, or in ſeparating z there 
being no third operation in nature: ſo that to theſe are all its multitude of 
operations reducible, without one exception. 

3. Let no one object againſt this ſimplicity, as if it were impoſſible that ſo 
many and ſuch different productions, and which are attended with ſuch ſurpriz- 
ing and ſingular effects, ſhould ariſe herefrom : for it is well known that the 
more ſimple, mechanical applications of different things, produce the utmoſt vx- 


riety 


but the effect, i. e. the approach: the cauſe 
he has no regard to, till ſuch time as the effect 
is well aſcertain'd. In his philoſophy, the 
reſearch into cauſes is the laſt thing; and ne- 
ver comes in turn, till the laws and phæno- 
mena of the effect be ſettled: it being to theſe 
phænomena that the cauſe is to be accommo- 
dated. But the cauſe even of any the groſſeſt, 
and moſt ſenſible of theſe actions, is not ade- 
quately known : how impulſe itſelf works its 
effect, would confound the deepeſt philoſo- 
pher ; yet is impulſe received into mathema- 
tics, and the laws and phaznomena of its ef- 
fects, make the greateſt part of the common 
mechanics, The other ics of attractions, 
therefore, when their phænomena are ſuſh- 
ciently aſcertained, have the ſame title to be 
2 from phyſical to mathematical con- 

deration; and this without any previous in- 
quiry into their cauſes, which our conceptions 
may not be proportionate to: let their cane 
be c ut, as all cauſes perhaps ever will be; ſo 
as their effects, which alone immediately con- 


cern us, be but apparent. Our noble country- 


man, then, far from adalterating philoſophy 
with any thing foreign or metaphy ical, 
ſame have reproach'd him; has the glory of 
opening a new ſource of ſublimer mechanic; 
which, duly cultivated, might be of infinitely 
more extent than all the mechanics yet know”. 
'Tis hence alone we muſt expect to learn the 
manner of the changes, product ions, generation! 
corruptions, &c. of natural things; which art 
the great object of that part of philoſophy 
called chemi/try. 

Some of our own countrymen have probe 
cuted the diſcovery with laudable zeal : Dr. 
Keill, particularly, has endeavoured to deduct 
ſame of the laws of this new action; and 25. 
plied them to ſolve ſome of the more 
phenomena of bodies, as che, fluidity, © 
laſlicity, ſeſtneſi, fermentation, coagulation, & 
And Dr. Freind, ſeconding him, has made 3 
further application of the ſame ge to 
account, at once, for almoſt all the ph!” 
mena that chemiſtry preſents. So that the 


new mechanics ſhould ſcem already raiſed to 
a compleat ſcience; and that nothing can nn 
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riety in their compounds; and that a multitude of new bodies may ariſe from a 


few elements, is demonſtrated by arithmeticians in the doctrine of combinations. 
Add, that by the appoſition of one body to another, ſome latent virtue frequently 
diſcoversit ſelf. Thus if a load-ftone had never been placed fo near another as 
to be within the ſphere of its attraction, it would have been yet unknown that 
there is ſuch a thing as magnetiſm in nature: and if iron had -never been a 
plied tothe ſame ſtone, that extraordinary agreement between the load-ſtone and 
iron had been yet undiſcovered, Laſtly, if iron touch'd with the load-ſtone had 
never been applied to other iron, either touch'd or not touch'd with the ſame, 
who would have dreamt of thoſe hidden powers which here produce ſuch fin- 
gular effects. It alſo appears in the hiſtory of menſtruums, that multitudes of 
bodies have certain relative powers, which only ſhew themſelves upon placing 
them near one another. From the whole it follows, that by ſeparating com- 

nds into their ſimples, and mixing ſimples with fimples, an infinite num- 
bas gf things before unknown may be produced. If we only conſider a ſingle 
body retaining the ſame bulk, but only changed in its figure, that is in the 
diſpoſition of its ſurface, yet we ſhall find it capable of exerting very different 
powers. Thus in mechanics, the ſame piece of ſteel according to the diffe- 
rent figure which is given it, will produce inſtruments of very different pow- 
ers; as a wedge, knife, poinard, lancet, ſphere, cube, cylinder, priſm, py- 
ramid, cone, &c.—PFrom all which it appears, that the ſimplicity of chemical 
2 does not hinder, but that infinite, different effects may be produced 
thereby. 

4. The conſideration of this is of great importance in the art: there being a 
kind of preſumption among chemiſts, as if there was ſome myſtery in their 
art; Whereas it the chief operations be conſidered, the truth of what is above 
mentioned will appear: ſuch are calcination, fixation, vitrification, ſublima- 
tion, fermentation, putrefaction, digeſtion, purification, union, and all as 
| other 


turn up, but we have an immediate ſolution ticles. Body it ſelf is merely paſſive. and 
of, from the attractive force. needed ſome other principle to move it ; and 


But this ſeems a little too precipitate; a now that it is in motion, it needs ſome other * 
principle, ſo fertile, ſhould have been further principle for conſerving that motion. By the » 


exhauſted; its particular laws, limits, &c. tenacity of fluids, the attrition of their parts, 
more induſtrioufly detected, and laid down, and the weakneſs of elaſticity in ſolids, the 
before we had gone to application. Attrac- motion which we find in the world, is always 
tion, in the groſs, is ſo complex a thing, that dwindling, and on the decay; ſo that there 
it may ſolve a thouſand different things alike: ariſes a neceſſity of recruiting it by active prin- 
the notion is but one degree more ſimple, and ciples: ſuch are the cauſe of gravity, by which 
preciſe, than action it "Tf : and till more of the planets and comets keep their motions 
its properties are. aſcertained, it were better in their orbs, and bodies acquire uiotion in 
da A it leſs, and ſtudy it more. falling; and ſuch the cauſe of fermentation, 
All the phænomena, all the changes in the by which the heart and blood of animals are 
univerſe, are the effects of motion. Accord- kept in perpetual motion, the inward parts of 
ingly, to have a ſucceſſion of ſach changes, the earth are conſtantly warm'd, bodies burn 
the author of nature has added to bodies cer- and ſhine, mountains take fire, caverns blown 
tun active principles to be the ſources of mo- up, Sc. For we ſee but little motion in the 
tion.— Nature, ſays Sir J. Newton, performs world, beſide what is owing to theſe active 
all the great motions of the heavenly bodies principles : And were it not for theſe, the 
by the attraction of gravity, which intercedes bodies of the earth, planets, comets, ſan, and 


7 bodies; and almoſt all the ſmall ones all things in them, would grow cold, and | 
peed woes. by ſome other attractive, fieeze, and become unaQtive maſſes. Odtic. 


ing powers which intercede the par- p. 373, and 373. 
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other operations. But a ſeparation of parts thus effected, does not ſhew that 
thoſe parts had pre- exiſted in the body, ſuch as they now appear; fince thoſe 
very operations whereby the parts become ſe 


ted and diſengaged from the 


reſt, may make great alterations in them: ſo that it is a falſe concluſion of 
the generality of chemiſts, that their elements were really contained in the 
compotds. Add, that bodies when de-compounded, acquire new powers, 
which they had never exerted before ; of which we have innumerable in- 


8. On both theſe accounts it is by no means ſo clear as chemiſts imagine, that 
their art gives the true firſt elements of things; and that we may judge of the 


compounds by the principles into which they are chemically reſolvable (). 


9000 Thus the great Engli philoſopher : All 
ies ſeem to be compoſed of hard particles : 
for all bodies, ſo far as experience reaches, 
are either hard of themſelyes, or may be ren- 
der'd hard ; wiz. ſome by N as wa- 
ters, oils, &c. others, as mercury, by fumes 
of lead; and ſpirits of wine, and urine, by 
dephlegmating and mixing them: even the 
rays of light themſelves are hard bodies, as 
appears from their retaining different proper- 
ties in their different ſides. Many compound 
bodies are very hard, notwithſtanding that 
they are very porous, and conſiſt of parts 
that are only Lad together: How much harder 
then muſt the ſimple particles, or atoms 
themſelves be, which are entirely devoid of 
all pores ? And how ſuch particles, by only 
laying them together, and touching in a few 
points, ſhould cohere, and ſo firmly, without 
the intervention of ſomething that attra#s, 
or perhaps even preſſes them together, can 
ſcarce be conceiv d. Theſe fimple, or ſmall- 
eſt particles cohering by the ſtrongeſt force 
or attraction, compoſe bigger ticles of 
gfcebler virtue; and many © theſs.« cohering, 
compoſe other particles {till bigger, and more 
weakly united: and ſo on for divers ſucceſ- 
ceſſions; till the progreſſion end in the biggeſt 
rticles, on which the colours of natural 
— and the operations in chemiſtry de- 
pend ; which, by cohering, compoſe maſles, 
or bodies of a ſenſible magnitude *. 

Elements or principles are defined by M. 
Homberg to be the molt ſimple matters into 
which a mixed body is reducible by chemical 
analyſes : but the chemiſts do few of them 
uſe the word with ſo much reſerve : chuſing 
rather to conceive, and {peak of elements, as the 
very primary corpuſcles whereof mixt bodies 
are-compoſed : a way of conceiving, which 
_ them to infinite — _ is the 

tion of a e objections 
2 by Mr. Bol 


| ® Newton, Optic. p. 364, and 350. 


From 


The ancient chemiſts allow but of three 

elements; wiz. /alt, ſulphur, and mercury; 
which they more emphatically call hypo/fati- 
cal principles, or the tria prima. To which 
the moderns have added two more, wiz. wa- 
ter and earth. 
+ Theſe principles took their denomination 
from certain qualities obſerved in the ſeveral 
ſubſtances procured in analyſing of bodies by 
fire: an inflammable ſubſtance riſing, that 
would not mix with water, they call /#/phur: 
what comes over ſapid, and diffoluble in wa- 
ter, paſſes for ſalt: what is fixed, and indiſ- 
ſoluble in water, they name earth: and all 
the volatile ſubſtances, mercuries. Or thus, 

A body, in diſtillation, uſually ſeparates 
into volatile and fixed parts; and theſe vo- 
latile parts either aſcend in a dry form, which, 
if it be ſapid, they call volatile ſalt; or in 2 
liquid form ; which liquor is either inflam- 
mable, and ſo paſſes for 9 — or oil; or 
not inflammable, and yet ſubtile and pungent, 
called mercury, or ſpirit; or elſe inſipid, 
— or water: for the fixed part, 
it uſually conſiſts of particles, partly ſoluble 
in water, and ſapid ; which therefore make 
fixed ſalt ; and partly inſoluble and inſipid, 
called earth. 

The diſtinct offices of each in the compo- 
ſition of bodies, they thus affign : ſalt is the 
baſis of ſolidity and permanency ; that this 
may be diſſolved into minute parts, and con- 
vey'd to the other elements, there is a neceſ- 
ſity of water: and that the mixture may not 
be too rigid, and brittle, a ſulphurous cr — 
principle muſt intervene, to make the mals 
more tenacious : To this a mercurial ſpirit 
muſt be ſuperadded, which, by its activity, 
may permeate, and, as it were, leaven the 
whole maſs, and thereby promote the more 
exquiſite incorporation of the ingredients. To 
all theſe a portion of earth muſt be join'd, 
which, by its dryneſs and porofity, may ſoak 
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ſve one; and 
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6. From a near conſideration of things it appears, that there are corpnſcles, 


which when alone, are unchangeable by any cauſe hitherto obſerved ; being 


part of the water wherein the ſalt was dif- 
ſoly'd, and concur with the other ingredients, 
to give the body the requiſite reſiſtance. 
heſe principles are uſually divided into 
ative pry” mg the active are the ra 


prima, or three hypoſtatical principles ; the 


five are earth and water, which are alſo 
called elementary principles. But M. Homberg 
has reform'd this diviſion : ſulphur he makes 
the only active | rage earth the only p 
the reſt intermediate prin- 
ciples. Sulphur is the active principle, in 
, according to him, tis this alone that 
acts of itſelf, and that makes all the reſt act. 
Earth is denominated à paſſive principle, as 
it never acts, but ſerves meerly as a matrix 
or receptacle of the other principles. And 
ſalt, water, and mercury, are ed inter- 
mediate principles, becauſe they do not act of 
themſelves, and yet become capable of acting. 
by their being join'd with ſulphur, whic 
modifies them, and is modified by them a 
thouſand ways . 
Mr. Boyle attacks the common doctrine of 
the chemical elements, with admirable force 
and addreſs ; making appear, that the diffe- 


| rent ſubſtances into which mix'd bodies are 


commonly reſolved by fire, are not of a pure 


| and elementary nature; but retain ſo much 


of the concrete that afforded them; as to a 
ſtill compounded ; and often to differ 
in one concrete from principles of the ſame 
denomination in another: that, as to their 
number, it is not preciſely three, as the che- 
miſts have uſually maintain'd z becauſe in 
moſt vegetable and animal bodies, earth and 


| phlegm are alſo found ; but that there is no 


dne determinate number into which the fire 
univerſally reſolves all compounds, mineral 
and others: And that there are ſeveral qua- 
lities which cannot be refer d to any of theſe 
ſubſtances, as if they rimarily reſided there- 
in; there being withal other qualities, which 
tho' they ſeem to have their chief and moſt 
— refidence in one or other of theſe 


| principles, are not : : 
— un not yet ſo deducible from it, 


more gen inci 1 
ken in + general principles may be ta 


It may be alledged, that bodies are only 


| Galled falt, ſulphur, mercury, c. on this 


footing, that the principle of the ſame is pre- 

minant therein; but it does not even ap- 
pear, that the reputed alt, ſulphur, or mer- 
cury, principally conſiſts of one ſimple body, 
to give it that denomination 3 or that there 
» any ſuch primitive ſimple ſubſtances exiſt- 
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endued 


ing in the bodies whence theſe are procured, 
If it - be demanded then, what it is that the 


chemical analyſes do gon ? We anſwer, that 


mixed bodies included in cloſe veſſels, are re- 
ſoluble into ſeveral ſubſtances different in ſome 
qualities, but chiefly in conſiſtence: ſo that 
out of molt bodies may be obtain'd a fixed 
ſubſtance, partly faline, and partly inſipid; 
an unctuous liquor, and another fluid, or 
more, which, without being un&uous, have 
manifeſt taſte. Now, if the chemiſts will agree 


to call the dry and ſapid ſubſtance, /a/z ; the 


unctuous liquor, ſulphur; and the other mer- 
curyz we have nothing to object: But if they 
will obtrude this ſalt, ſulphur, and mercury 
on us, as fimple and primary ſubſtances, 
whereof each mix'd is actually compounded, 
and which were really therein antecedent to 
the operations of fire; they go further than 
their experiments will bear them out. And 
as an i anon ought to be perfectly ſimilar, 
and homogeneous ; there is no juſt cauſe why 
we ſhould give a body propoſed the name of 
any particular element or principle, becauſe it 
bears a reſemblance thereto in ſome obvious 


quality, rather than deny it that name on ac- 


count of ſeveral other qualities, wherein it is 
unlike 1. 
The chemiſts will not allow the ſalt in aſhes 


to be called earth; notwithſtanding that the 


ſaline and earthy parts correſpond in many 
2 e. gr. weight, dryneſs, fixedneſs, 
fuſibility : for this only reaſon, that the 
one is ſapid, and diſſoluble in water, and the 
other not: beſide, that ſapidneſs and volati- 
lity denominate the chemilts þirit or mercury. 
And yet, how many bodies may happen to 
agree in thoſe qualities, which bave different 
natures, and divers diſagreeing qualities? 
For not only ſpirit of nitre, agua fortis, 
ſpirit of ſalt, oil of vitriol, ſpirit of alum, 
Giri of vinegar, and all ſaline liquors diſtill'd 
— animals; but all acetous ſpirits of woods, 
mult belong to their mercury; tho? it does 
not appear why ſome of theſe ſhould rather 
come under that denomination, than the che- 
miſts ſulphur or oil; for their diſtill'd oils are 
fluid, volatile, and ſapid, as well as their 
mercuries. Nor is it neceſſary that ſulphur 
ſhould be unRuous, or indiſſoluble in water; 
fince ſpirit of wine is generally refer'd to ſul- 
hurs, tho? it be not unctuous, and will rea- 
Ay mix with water. So that nothing but 
bare inflammability is left to conſtitute the 
eſſence of the chemiſts ſulpbur; as the con- 
trary, join'd with any taſte, entitles a diſtil'd 


t Boyle, ubi ſupra. 
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- *endued by the author of nature with ſuch a degree either of hardneſs, as that 


they are incapable of being divided into leſs parcels, or being changed in their 


liquor to their mercury. Now, fince ſpirit of 
nitre,” and ſpirit of hart's-horn will bubble to- 
er, hiſs, and throw up one another inco 

e air, which the chemiſts allow for indi- 
cations of great contrarieties in bodies; ſince 
we may obtain two ſorts of oil from the ſame 
parcel of human blood, Which will not mix 
with one another; and fince we meet with 
numerous inſtances of other contrarieties in 
bodies, which, according to the chemiſts, 
muſt be huddled up together, under one de- 


nomination: It may be worth conſidering 


how far ſuch a multitude of ſubſtances, as may 
agree in theſe flight qualities, and yet diſagree 
in others, deſerve to be called by the ſame 
name of a principle, rather than have ſuch 
r as diſtinguiſh them from bodies 
they differ ſo much from. When unable to 
ſhew that a liquor is, for example, purely 
faline ; they prove, that at leaſt ſalt is the 

redominant principle therein, from this con- 
fideration, that it is ſtrongly taſted; and that 
all taſte proceeds from ſalt : whereas ſpirits, 
as of tartar, hart's-horn, &c. which are re- 
puted the mercuries of the bodies that afford 
them, have. manifeſtly a ſtrong and piercing 
taſte. And indeed, if taſte belong not to the 
ſpirit, or mercurial principle of vegetables, 
and animals ; we ſcarce know how it will be 
diſtinguiſh'd from their phlegm ; ſince, by 
the abſence of inflammability, it muſt be di- 
ſtinguiſh'd from ſulphur. Add, that not only 
the ſpirits of vegetables, but their oils, are 
very ſtrongly taſted ; and the moſt elaborate 
depuration will ſcarce ever reach to make 
them taſteleſs —Again, volatile ſalt of hart's- 
horn, &c. is very ſtrongly ſcented, notwith- 
ſtanding that moſt chemilts deduce odours from 
ſulphur, and from them argre the predomi- 
nancy of that principle in the odorous body. 
—From the en it appears how diſſimilar 
each of thoſe bodies are, which the chemiſts 
call the ſalts, ſulphurs, or mercuries of the 
bodies which yield them; as if they had all 
a ſimplicity or identity of nature: whereas 
falts, for inſtance, if they were all elementary, 
would differ as little as the drops of pure and 
ſimple water: So that we have no poſitive 
knowledge of the chemical principle ſulphur, 
by means of analyſes, or the decompounding 
of mixts. 'This led M. Homberg to imagine, 
that ſomething might be learn'd of it from 
compoſitions, or artificial mixts : The effect 
ofa great number of operations of which kind, 
gave him indicatious, that tis light or fire is 
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figures; f 
the real principle ſulphur, and the only ac. 2 
tive matter in all mixts. So that we muſt 1 
refer the diſquiſition into the nature, j oper. 
ties, Fc. of ſulphur, to the article of fire, | 

Indeed it ſhould be exprefſs'd what kind of 
diviſion by fire is to determine the number of 
elements ; for the ſame body, e. gr. guaiacun, 
which, burnt in an open fire, only reſolve; 
into two, wiz. aſhes and ſoot; if diſtilbd in 
a retort, reſolves into oil, ſpirit, vinegar, 
water, and charcoal; the laſt of which, b 
a. farther degree of fire, in an open vel 
falls into aſhes, -7. e. into falt and earth; 
and by a farther yet, into glaſs. If then oil 
paſſes for an element, becauſe producible by 
one degree of fire; why is not glaſs ? Ther: 
are ſome mix'd bodies, from which it dos 
not appear that any degree of fire will ſeparate 
any of the common elements ; ſuch is gold, aud 
n alſo filver, Venetian talc, oſteocoll, 
and glaſs ; which, tho! made of a pure coll 
quation of the ſalt and earth remaining in the 
aſhes of a burnt plant, yet will ſo far refiſt the 
violence of fire, that it has been held more ir- 
reducible than gold: But if an artiſicer ca 
unite ſuch comparatively groſs particles, a 
thoſe of earth and ſalt, into a body indiſſo- 
luble by fire ; why may not nature aſſociate 
in ſeveral bodies the more minute elementary 
corpuſcles, too firmly to let them be parted 
by fire? There are ſome bodies whoſe com- 
ponent principles are ſo minute, and ſo firmly 
united, that their corpuſcles need leſs heat io 
carry them up, and diſſipate, them, than u 
requiſite to divide them into their principles 
And hence it is, that the common ſulphur 
becomes ſo difficult to decompound *. 

We have no evidence, that three is pr 
ciſely and. univerſally the number of the 4 
ſtint ſubſtances or elements, into which 11 
mixed bodies are reſoluble by fire : If it be 
granted, that the elements at firſt conſiſted d 
certain ſmall primary coalitions of the minuts 
atoms, or particles of matter, into corpuſcs 
very numerous, 2 like each —_ it wil 
rather appear, that ſuch primary maſles ma} 
be of far more ſorts 8 or five ; and 
conſequently we need not ſuppoſe that i 
every compound body there ſhould be found 
juſt. three ſorts of ſuch primitive coalitions 
It is 1 but that two ſorts of elemer 
tary bodies may ſuffice; as we ſee is the 
in that durable ſubſtance, glaſs : while other 
conſiſt of three, another of four, another 
five, Cc. Nay, it does not ſeem impoſible 
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from pure and elementary 


be two, or more ſorts of 

bat ther? tb have none of the fame elements 
2s the other: as we often fop two wore, 
whereof the one has not any of the letters in 
the ocher z or, as happens in electuaries. 
n jent, except , is com- 
wherein no — — i 2 


ſubſtances of various conſiſtences, does not 
commonly analyſe it into hypoſtatical princi- 
ples ; but only diſpoſes its parts into new 
textures, and thereby produces concretes of a 
= new, indeed, but of a com nature: and 
= there are many diſtin ſubſtances obtainable 
; from ſome concretes without fire, which no 


, is obvious in the 


burning of wood, which the fire ſeparates into 
ſmoke and aſhes ; the former of which, con- 


nding no parts 
carried up, makes no 
It does not 


iments, that water 
— poſſibly W earth. 
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mage the ſame . without any ad- 
» a „ Vix. à true, - 
low, — rho the two 3 
afterwards ing diſtin : and from the 
ſpirit of box-wood, highly reQified, he pro- 
cured an acid liquor, Jon mend diſſolve co- 
ral ; leaving a ſpirit of a very different na- 
ture from common ſpirit of that wood: 
2220 wr wayaganr 
an tary icity; ma 
ſtill look'd upon as mix bodies. Add, that 
as there may be more elements than five or 
ſix ; 22 of one body may be dit - 
ferent from thoſe of another: whence it fol- 
lows, that from the reſolution of com 
bodies, there may reſult mixtures, wholly of 
a new kind, by the coalition of elements, 


„ hart's-horn, or the like, 
wholly into volatile ſalts, by a bare mixture 


| of their own alcaline ſalts : if, then, ſuch ſa- 


line volatile ſubſtances, which paſs for e- 
lementary, be producible of chemical oils, 
ſalts, the one made volatile by the 
and both aſſociated by the fire ; it may 
ſuſpected, that other ſubſtances, 


and 


F 


K 
JH 
F 
| 
7 
I 
il 
L 


| 


A 
Tt 


f 


TOE 


Jy 


1 . 
jt 


85 


DEL 
1 


$44 
RE 
"FRED 


q 


which ſerve to denominate 


kr 


phlegm, or water, among the chemiſts, 

infipidity, and volatility ; yet quickfilver 
has theſe, which no body pretends to be 
phlegm. Add, that it appears from ſeyeral ex- 
i itſelf, by repeated diſtil - 
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article of volatile falts; 
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Water has a much fairer pretence to be an 
element, than any of the tria prima ; the 
chief qualities that occaſion men to give that 
name to any viſible ſubſtance, are, that it is 
fluid, inſipid, and inodorous : but we have never 
ſeen any of thoſe ſeparated ſubſtances which 
chemiſts call phlegm, perfectly deſtitute both 
of taſte and ſmell. Common ſalt, and ſeveral 
other ſaline bodies diſtilled ever ſo dry, will 
each yield a large quantity of phlegm ; which 
can be no other way accounted for, but from 
this, that among the various operations of 
the fire, on the matter of à concrete, ſeveral 
particles of that matter are reduced to a ſhape 
and ſize, requiſite to com poſe ſuch a liquor as 
the chemiſts call phlegm or water. See 
farther in the article of Mater. 

The name ſpirit is applied by the chemiſts 
to ſeveral very different ſubſtances: it denotes 
in the general, any diſtilled, volatile liquor, 
that is not inſipid as phlegm, nor inffamma- 
ble as oil: but under this general idea are 
comprehended liquors of quite oppoſite na- 
tures, ſome being acid, as the ſpirits of nitre, 
ſalt, and vinegar ; and others alcallous, which 
are ſuch enemies to the former, that as ſoon 
as they are put together, they tumultuate 
and grow hot: To which may be added; a 
third” kind, called wi#ous, or inflammable ; 
which, tho“ very ſubtile and penetrating. are 
not manifeſtly either acid or alcaline. 

All theſe ſorts of ſpirits Mr! Beyle ſhews 
to be producible: and, 1. Thewinoms, which 
nature ſcarce ever produces of her ſelf; fer- 
mentation being requiſite thereto. * 2. Alca- 
lions ſpirits, called alſo urinoas, by reaſon of 
their affinity in many qualities with ſpirit of 
urine, are manifeſtly not ſimple, but com- 
pound bodies, conſiſting of the volatile ſalt of 
the reſpeQive concretes diflolv'd in the phlegm, 
and for the moſt part accompanied with ſome 
little oil; ſo that theſe may be reſer'd to the 
3. Acid ſpirits ap- 
pear to be prodacible hence, that thoſe drawn 
from common ſalt and nitre, are very diffe- 
rent in reſpect of taſte, &e, from the bodies 
— are procured from, which are not pro- 
perly acid: ſo that it does not appear, that 
the ſpirits pre- exiſted in that ſtatè of thole 
bodies. What further confirms the whole is, 
that the ſame body, merely by different ways 
of ordering it, may be brought to afford ei- 
ther acid, vinous, or urinous ſpirits +. 5 
Add, that whereas ſalt is laid down as the 
principle of all taſte; and as bodies are argued 
to be ſaline for this reaſon, that they are 
ſapid, tis implied in the very notion of a 
ſpirit, that it have ſalt along with it; it being 
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its taſte that charaQerizes, and diſtinguiſhe: 
it from phlegm, and denominates it acid, 
vinous, or urinous ſpirit r. 

As to mercury, which ng po of by che. 
miſts as a principle, near a- kin to ſpirit, or 
rather is confounded therewith; its characters, 
as deliver'd by writers are, to be a fluid ſub- 
france, or volatile liquor, which diſtinguiſhes 
it from the ſaline ptinciples, eſpecially fixed 
ſalts ; and not inflammable, which diſtinguiſhes 
it from ſulphur or oil. But, as this leaves it 
undiſtinguiſh'd from phlegm, others add an. 
other quality, viz. taſte, which is wantin 
in phlegm, and which brings the chemical mer- 
cury preciſely to what we call a ſpirit. The 
mercuries of vegetables and animals, there- 
fore, are already ſpoken of as ſpirits.. 
The mercury of foſſils or metals is no other 
than a real running quickſilver; Which is a 
fluid ſubſtance, perfectly reſembling: a metal 
in fuſion, nearly of the: ſame weight with fi. 
ver, and wetting no ſubſtance but gold. This 
body not being reducible into more ſimple 
matters, by ary analyſis yet invented, © 
look'd upon as a principle: tis commonly 
held it may be extracted, or obtained from 
all metals and minerals. And the chemiſts, 
in their writings, give us divers proceſſes for 
the ſame ; tho' the more judicious and ſober 
among them, have long look'd on the pre- 
tenſion as idle and chimerical. 

But this principle, mercury or quickſilver, 
M. Homberg gives us ſufficient reaſon to {ul- 
pect not to be uy in that it may be de- 
ftroy'd, which a body perfectly fimple can- 
not. Add, that after its deſtruction, there 
remains nothing but a mere earthy matter, 
without any figns of the other parts betore 
compounded with it. The method that au- 
thor took to deſtroy it, was by firſt chang: 
ing the running mercury into a perfect m 
geld, by introducing a ſufficient quantity 0! 
the rays of light into its ſubſtance, by a long 
and ex penſive operation; and when it wi 
thus rendered a' metal, by expoſing it to: 
burning-glaſs, which in à little time carried 
off the greateſt part of the ſubſtance in fumes, 
leaving nothing behind but a light earthy 
duſt |. See further under the article Mercy 
Salt ſeems the leading principle of the che- 
miſts, who generally grant ſalts the moſt con 
ſiderable and active parts — by che- 
miſtry from mixt bodies. Its character 15 te 
be ſoluble in water, and unreſoluble by fire 3 
but under this character it is incapable 
being perceiv'd by us; arid needs to be joined 
or combined with ſome” other principle, © 


make it ſenſible. We 
+ Boyle Scept. C. 
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. three kinds of ſalts, two whereof 
2 and the third fix d; the volatile 
are acid and armen ſalts ; the fix d /ixivious, 
or thoſe drawn from aſhes: the two latter are 
alſo called alcalious falts, or alcalies, the one 
volatile, the other fx d. We do not know 
the preciſe figure of each of theſe ſalts ; but 
to judge of them from their effects, the moſt 
commodious and probable, according to M. 
Homberg. the great reformer of the doctrine 
of ſalts, is, for acids to be pointed, and thoſe 
points tipp'd with ſulphurous matter ; that 
of urinous ſeems to be a ſponge, containing 
a part of the acid, and a little fetid oil; that 
of lixivious falts appears likewiſe a ſponge, 
containing only the remainder of the acid, 
which the calcining fire could not carry off, 

1. If acid ſalt; were found pure, and with- 
out any mixture, they would all be of the 
ſame nature; and the diverſity that appears 
in them, as procured by diſtillation, &c. is a 
full proof of their being compounds, at leaſt 
of their having ſomething heterogeneous,. or 
adventitious to the faline nature accompany- 
ing them. In effect, ſulphur, on M. Hom- 
berg's principles, is a conſtant and inſeparable 
attendant thereof: from this appendage of ſul- 
phur, it is, that they derive all their activity; 
and 'tis the ſame ſulphur that characterizes, 
and makes the difference between them. 
Hence acid ſalts are ranged by the author into 
three claſſes, viz. ſuch as contain an animal or 
vegetable ſulphur ; under which come all the 
acids diſtill'd from plants, fruits, woods, Oe, 
and mu of nitre : ſuch as contain a bitumi- 
nous ſulphur; to which belong the acids of vi- 
triol. common ſulphur, and alum : and ſuch as 
contain a more fixed mineral ſulphur; as the 
acids drawn from ſea-ſalts, and ſal-gem. 


Thoſe of the firſt claſs act more ſwiftly | 


than thoſe of the other, by reaſon animal 


and vegetable ſubſtances being very light, i.e. 


taking a deal of room, and enlarging the ſur- 


face, give the better handle to the flame to 


agitate and drive them on; but the ſame en- 
largement of the points, prevents their en- 


tering into the denſer and more compact bo- 
dies: thoſe of the ſeeond claſs are the leaft 
nimble, by reaſon the bituminous ſulphur is 
loaden with a deal of earth, which erves it 


as a matrix; and accardingly, theſe are in- 


capable, ſingly, of diffolving metallic bodies. 
Lafſtfy, the metallic fulphye . moſt 
fixed, i. e. its parts the” ſmalleſt and moſt” 
| Leids it accompanies, do ſtill 
retain fine points, and thereb become capa- 


compact, the acid 


ble of infinuating into the denfeſt bodies, and 
ſeparating him? though for tha 2 


they give but little hold to flame. 
* Mem. de Þ Acad. an, 1702, 


* 


* » 


fame reaſon the foffil and vegeta 
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Acid ſalts join'd with /ixiv/our ones com- 
poſe mix'd or intermediate. ſalts, according 
to the nature of the acids employ'd theyein. 
Thus ſpirit of nitre, with ſalt of tartar, pro- 
duces true ſalt-petre ; ſpirit of ſalt, with ſalt 
of tartar, produces true common ſalt ; ſpirit 
of vitriol, with ſalt of tartar, produces true 
vitriol, Sc. which are all intermediate ſalts, 
+. e. partly fix d, and partly volatile; the two 
ingredient ſalts ſtill retaining their volatile 
and fix d natures. Acids join'd with urinous 
falts, compoſe another ſalt, called ammoniac 


ſalts, which are always volatile, by reaſon 


both the ingredient ſalts are ſo. Acid ſalts 
are uſually ſuppoſed to be antagoniſts to al- 
ealious, (i.e. urinous and lixivious) by rea - 
ſon, upon their mixture, there always enſues a. 
violent ebdllition and efferveſcence ; but it 
would perhaps be more juſt to look on this 
ebullition not as a combat, but rather a ſuit- 
able and amicable conjunction of two ſub- 
ſtances, which were naturally united, and had 
only been ſeparated by the violence of the 
fre, now reſtoring themſelves into the ſame 
places, out of which they had been torn. 
Accordingly, the latter are compared to 
ſheaths, and the former to points or ſpiculæ 
fit to enter the ſame. 'Theſe points or acids 
do not only enter the pores or ſheaths of al- 
caline ſalts, but all other bodies, whoſe pores. 
have a like conformation ;- whence ſuch bo- 
dies are called terreſtrial or metallic alcalies 
See more on the ſubje& of acid ſalts in the 
article Menflruums, | 

2; In all native ſalts, both foſſil, vegets; 
ble, and animal; after the violence the- 
fire has ſeparated all the volatile ug there- 
ſtill remains a 2 ſalt, to be drawn from 
the feces by lotion, or lixiviation; hence 
called a lixivious ſalt. Theſe [Zxivious ſalts 
are no other than the relicks of the acid, 
which the fire was not able to ſeparate from 
the earth of the mixt, but may be ſeparated”. 
by diſſolving them in common water. The 
taſte of theſe lixivious falts is very different, 
according to the quantity of the acids ſtill re- 
maining after calcination : ＋ of which is 
capable of being volatiliz'd, and difengag'd. 
by further operations ; as by a more intenſe - 
heat; or by diſſolution, digeſtion, filtra-” 
tion, and evaporatiom frequently repeated; 
or laſtly, by adding ſome urinous falt, to ab- 
ſorb the ſame. 1 Vs 

3. We have three ſorts of urinous ſalts :* 
the firſt, that of plants or animals, which is 
the ſame; the ſecond is foiſil: and the third? 
of an intermediate kind, partaking both of” 
ble nature; the fiſt ig 
volatile, and the two latter fix'd, By ri, 
12 Y 2 1 a false, 
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ſalts, we mean all ſuch as partake of the taſte 


or ſmell of urine. Their effect in volatilizing 


fix'd falts is notorious: for being added to 
common ſalt, there ariſes, by fire, a ſalt of a 
volatile kind, called fal-ammoniac. 'Tho', 
for volatilizing the fix'd ſalts of plants, the 
urinous ſalts of plants are not ſo proper as 
the urinous ſalts of the intermediate claſs, 
ſuch as alum : and for the fix'd ſalts of ſoſſils, 

the ſoſſil urinous ſalt is fitteſt, viz. borax *. 
All the ſorts of ſalts then do throughout 
2 avowedly compound, and une lementary: 
nd that they are likewiſe producible, de novo, 

and convertible into one another, is ſtrenuouſl 
by Mr. Boyle. The two chief quali- 
ties, wherein they all agree, and which there- 
fore make up the common received notion of 
falt in general, he obſerves, are to be eaſily 
diſſoluble in water, and to affect the palate, 
ſo as to cauſe a ſenſe of taſte. Now, fince 
the inviſible particles, which compoſe the 
viſible portions of a ſalt, may be ſo con- 
trived as to make other parcels of matter, 
which have the qualities that denomirate 
bodies /u{phu iriteus, as we ſee in 
nitre's being made 3 mable ; why may 
not other corpuſcles, or ſmall portions of 
matters not ſaline, be ſo broken into minute 
parts, and theſe ſo ſharp and connected, as, 
when duly aſſociated, to compoſe a body ca- 
ble of diſſolution in water, and of afte- 

g the organ of taſte ? 

That a diſpoſition to be diſſoluble in a li- 
quor, may be acquired by mixture, and a 
new texture of parts, appears from many in- 
Kances : and as for the taſte, tis ſome que- 
ſtion, how far the neceſſity thereof may con- 
fiſt with another principle ; for the pureſt oils 
are ſapid, yet will noe difſolve in water; ſo 
that does not appear any ſtrict connec- 
tion between being /apid and foluble in that 
es us, that by Parace/- 
al circulatum, ſolid bodies, among which 


tions of matter, which pre-exiſted in the 


of thoſe ſimple i , muſt, by the ope- 
ration of fire, the menſtruum, have been 
converted into ſalt. 


For acid ſalts ; we may inſtance in falt- 
which, tho" it have no acid taſte, may 
made to afford, by diſtillation, above three 
quarters of its weight, of a highly acid li- 
quor ; yet it does not appear, that ſuch a 
great proportion of acid particles, or poſſibly 


Hund. ubj ſupra. 


any proportion at all, is employed by nature 
9 ———5 of nitre. 

For azrinous ſalts, we have an inſtance of 
their production, in the falt obtained by di. 
ſtillation from ſoot ; for though the wood we 
burn in our chi s, ſeems to have nothi 
of the taſte or ſmell of urine ; ner have the 
diſſolutions of the ſaline parts of ſuch wood 
been obſerv'd to have any affinity in taſte or 
odour thereto ; yet when wood is burnt in 
the fire, and the ſoot afforded by it diltill'q, 
we get a white volatile urinous ſalt, like what 
is aftorded by blood, urine, or the like, 

For lixivieus, or the f ſalts of calcin'd 
bodies, the chemiſts themſelves are not en- 
tirely agreed. For however the prevailing 
opinion may be, that theſe fix'd alcalies pre- 
exiſt in mixt bodies: He/mont very inge- 
niouſly propoſes another origin, and hold; 
them, as to their alcaline form, productions 
of the fire, by whoſe violent action, a part 
of the ſalt, which in the concrete is all natu- 
rally volatile, laying hold of ſome parts of 
the ſulphur of the ſame body, both become 
melted together, and thus fix'd into an alcali: 
which fixation he exemplifies by what hap- 
pens when falt-petre arſenic, tho' both 
volatile, when expoſed to the fire, are, by 
its operation flux'd and made to fix each other: 
tho' what ſeems to overthrow this account, is, 
that the fire may not perhaps be always found 
a agent, in the production of 2 
lixivious alcali: for Mr. Boyle tells us of : 
piece of true native Egyptian nitre, which 
a d to have all the 


ies of a fd 
li. That author the point further; 
and _ how wm 3 — * 
t-petre, tho containi ids ; 
how alcalies may be depriv'd of thats alcaline 
form, * 5 other ſ ns how 
common 1ait may procured ſandiver, 

a fix'd alcali, &c +. 
The chemiſts lay down inflammability a 
ſober 


K 


inflammable ſubſtance, obtain'd 


bodies, by means of fire, appearing ſometimes 
a which will not mix with 
water; ſometimes in form of an inflammable 
ſpirit, which will readily unite with that l. 
vor; and ſometimes in form of a conſr 


I Praducib. of Chem. Princip. 


| Tous juices of t 
W that difill'd water will nouriſh a vegetable. 


© diffoluble in water, and both 


univerſal matter with other bodies; and is 
only a coalition of certain particles thereof, 
whoſe aggregate, by having a ular tex- 
ture, Sec. becomes diſpoſt to turn'd into 
fire, and uſually alſo into flame ; and 

fore if the like texture may be found in por- 
tions of matter, in other reſpects different, or 
i art and chance can frame, and bring toge- 


ther particles of matter ſo diſpoſed, or can 


ive them ſuch a texture, as diſpoſes them to 
Findle, flame, or burn away ; theſe qualifica- 
tions entitle it to the nature of a ſulphur, 
whether it participate of the chemiſts primæ- 
val ſulphur, or not. 
And that it is not neceſlary the ail, pro- 


+ cured by fire from mixts, be a primeval ele- 


ment, may be argued from the growth of 


plants, fed merely by water ; which never-. 


theleſs afford an oil in diſtillation : and we 
ſee that in olive-trees, almond-trees, walnut- 
trees, c. the rain-water, which infinuates it 
ſelf into their roots, is, by ſucceſſive chan 
of texture, reduced into the oil, which the 
fruit, by expreſſion, ſo plentifully yields. 
And to obviate the ſuſpicion of common 
water being impregnated with any ſulphu- 
be earth, it may ded, 


What is more, Mr. relates an experi- 
ment, whereby from two diſtill'd liquors, 

by the 
chemiſts as elementary bodies, viz. oil of vi- 


triol, and alcohol of wine, he red a 


conſiderable 


ſalts, into ſoap ; as that is, by repeated 
Antag, from a * Toms of chalk, 
into infipid water +, 

For the production of that kind of ſul- 


WW that any ſuch ſubſlance is procurable 
| either hw vegetables or ani : what the 

| Chemiſts have uſually taken for vegetable 
no other than 

ted, not from 


2.8% 5 
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neral. Thus we ſee in natire cinnabar, the 
mercury, which chemiſts rope a compleat 


metal, is ſo mix'd with another body, as not 
to be diſtinctly diſcernible, till ſeparated by 
the fire: and from this cinnabar, ſulphur has 
been ſometimes obtain'd. Add, that as a 
large quantity of common ſulphur is eafily 
ſeparable from vitriol-marcaſites ; it appears 

ble for ſome common ſulphur to remain 
more cloſely mix'd with the ſaline and metal- 
line parts of the vitriol, afforded by the ſame 
marcaſites ; from which latent corpuſcles may 
proceed the ſulphurous ſmell, &c. obſerv'd 
in vitriol and its oil. 

M. Homberg refines conſiderably on the no- 
tion of the prog ſulphur. That oily, or 
fatty matter, found in the analyſis of all plants, 
and animals, and ſome minerals, and which 
has been always taken for the chemical prin- 
ciple ſulphur, cannot be a principle, on his 
foundation; ſince it may be reduced into o- 
ther ſimple matters. Add, that as he lays 
down the principle ſulphur for the only active 


one, and which of conſequence ſhould be found 
in all mixts ; this oily matter is wanting in 


moſt minerals, and therefore cannot be the 
only active principle. In the analyſis of an 
oil, its whole ſubſtance reſolves into a deal 
of aqueous liquor, a little infipid earth, and a 
little falt, partly fix'd and partly volatile; 
the real principle ſulphur, which connected 
theſe principles together to make an oil, is 
loſt in the operation the whole induſtry of 
the artiſt being only able to ſeparate the prin- 
ciples from each other. And as the principle 


ſulphur is only ſenſible while join'd with ſome 


other of the principles, which ſerve it as a 
vehicle; it muſt of neceſſity eſcape from who- 
ever would ſtrip it of all eous mat- 
ter. 


This ſulphur may either be conſidered as 


mingled, and retained in ſome other matter; 


which, as it is aqueous, faline, earthy, or 
mercurial, the reſult will a under the 
of ſpirit of wine, oil, 

; none of which are the principle ſulphur : 
or, it may be conſidered as pure, and without 
any mixture ; in which laſt ſenſe alone, it is, 
that ſulphur is to be accounted a principle, 
and the only active principle; leaving to the 
reſt the a jon of ſulphurous matters. 
Now, all mixts, that excellent author obſerves, 
in a rigorous analyſis, loſe the princi- 
ple ſulphur, which was the band of the com- 


fition ; ſo that the more the chemiſt en- 


vours to extricate, and diſengage it, the 
leſs he finds it. 


Earth, by the chemiſts 1 
+ . Scept. Chym. 


tumen, or me- 
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of all ſubſtances ſeems to have the faireſt claim 
to an elementary nature; in regard the vio- 
lence of the calcining fire ſhould ſeem to have 
driven away all the mercurial and other vola- 
tile parts, and have quite burnt, out the ſul- 
phurs, which are often more fix d than the 
reſt 3 as the water, on the other hand, ſhould 
have diſſolved all the fix*d ſalt: and yet, as to 


the characters, whereon the ſimplicity and im · 


mutability of the earthy part of bodies are 


| ſuppoſed to depend, v. gr. its not diſſolving in 


water, its not affecting the taſte, and not hav- 
ing flown off with- the other parts ; it will be 


found that theſe too, are producible, may be 


compounded, &c. | 
Mr. Boyle has ſhewn, that not only each of 
theſe qualities ſeparately, but all of them to- 


gether, may and frequentiy do, ariſe from the 


variouſly managing of compound 
ſubſtances, wherein they were not before. 
Thus from oil of vitriol, and ſpirit of wine, 
tho both diſſoluble in water, and ſapid, he 


has, by digeſtion and diſtillation, procured a 
quantity of a ſubſtance indiſſoluble in 


water, inſipid and fixed. So alſo glaſs, which 
tho' not only a compounded, but a recom- 
pounded body, (the ſand, and other ſtones, 


which themſelves are mix d bodies, being fur- 
with the ſalts that diſſolve 


ther com N 
them) has yet all the three qualities, which 
the chemiſts require in their earth; for tis 
taſteleſo, diſſolves not in water, and is ſix d in 


the fire. And if aſhes be of themſelves — 


ble of vitrification, as the chemiſts teach ; 
how are we ſure, that in common aſhes, 


aſter the uſual: manner, from their foxed ſalt, 
what is called a ſimple earth, may not be a 
unded of two, or more ſubſtances, 


body compo 
which by their coalition, and new texture, 


oduced by the action of the fire, have been 


ht to a Kind of vitrification ? 


That earth may be produced de. nowe, may 


likewiſe be argued hence, that if ſalt of tartar 


be diſſolved in fair water, there will remain, 
after numerous fil trations, and after every 
Gogle one, a ſubſtance in the filtre, which has 
all the chemical characters of earth“ The 
terra damnata of vitriol appears evis no 


elementary body, from its / purpliſh, colour, 


its weight far exceeding that of earth, Cc. 
ein ed, in den babe particularly the 
92 | 


of the metalline kind, the calcini 
not operate as in others, particularly . 
tables ; fince ſometimes — the —_—_ 
weight of a mineral ſhall be found in what 


® Scept. Chym. 


figures; or ſo minute as that they ſlip away and cannot be brought to ſuſtain 
the action of thoſe which otherwiſe might divide them (m). | 


As 
they call its cal/x ; as we ſee in tin calcined 
per ſe: which calx is in great meaſure redu- 
cible ſometimes into a body of the ſame na- 
ture with that which afforded it; and ſome- 
times into another body, far from being ele- 
mentary ; as in the reduction of minium into 
lead, aſhes of antimony into glaſs, &c. See 
further in the chapter earth, as an inſtru· 
ment. 

As vigorouſly as Mr. Boyſe combats the ele- 
ments, yet he allows, 1. That many mineral 
bodies may be reſolved into a 7 ine, a ſul. 
Phurout, and a mercurial one and that almoſt 
all vegetable and animal concretes, may be 
reduced, by fire, into five ſubllances, ſ½lt, 
ſpirit, oil, phlegm, and earth ; of which the 

ee former being more operative than the 
two latter, may be look'd upon as the three 
active principles, and by way of eminence be 
called the three principles of mixt bodies, 
2. That theſe principles, tho” they be not per- 
fectly ſimple, may, without inconvenience, be 
ſtiled the elements of compound. bodies, and 
bear the names of thoſe ſubſtances which they 
moſt reſemble, and which are manifeſtly pre- 
dominant in them: becauſe no one of theſe 
elements ſeems diyifible by the fire into four 
or five different ſubſtances, like the concrete, 
whence it was, ſeparated. 3, That f. 
qualities of a mix d body, and eſpecially the 
medicinal powers, do, for the mo part, lodge 
in one or other of theſe principles. 

It is remarkable enough, that the order 
wherein theſe principles ſucceed each other is 


freed - different, according as the mixt has under- 


one a fermentation or not; if it have, the 
2 liquors, and volatile ſalts riſe firſt, 
n the aqueous liquors, then ſetid oils, 
leaving a caput vipriuxex at the bottom, which 
affords a fix d le nad" earth. If it have not 
fermented, the aqueous liquor precedes the 
volatile ſalts, and ſpirits z the other matten 
following in the order abovementioned f. 


} To this purpoſe, Sir | aac Newtr 
cok Aa 2 into the nature, 


„ and conſtitution of matter All 


« theſe things conſidered, it ſeems probable 


to me, that God, in the beginning, created 
„ matter in ſolid, maſhve, hard, impetetra- 
« ble, moveable particles incomparably 
« harder than any of the porous bodies com- 


* pounded of them: nay, ſo hard as never to 


wear, or break in poet; no human power 
« being able to divide what God made one, 


A at the creation. While theſe . 
+ Hemberg. Mem. de Þ Acad R. an. 1702, 


* 
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7. As often therefore as the analyſis of a compound has gone ſo far, as to re- 
duce it into ſuch parts or elements as theſe; there is an end of all further di- 
viſion, till ſuch time as theſe ſimple corpuſcles be re- united, either with other 
ſimple, or compound ones. | 
8. Such bodies are by the philoſophers called; elements; and into ſuch the 
chemiſts have often alledged that bodies are, by their operations refolved ; yet 
the notion is overturned even by themſelves. It muſt indeed be allowed that 
fire, air, water, earth, alcohol, mercury, the preſiding ſpirit in each body, 
and ſeveral others, do, when abſolutely ſimple, appear to be fine, permanent 
elements: but whether ſuch bodies can by any contrivance be procured and 
exhibited perfectly pure, has not yet been demonſtrated : indeed that nothing 
of this ſimplicity is found in the common operations of the chemiſts, has been 
e nee cs EO 
Fire may perhaps be exhibited pure. ntary, as it penetrates gold, 
— other of the ok ſolid bodies: — — can — the leaf 
drop of pure water, and much leſs of any of the reſt, as air and earth, or 
the lke | 5 
10. Add, that theſe; parts into which bodies are reſolved by chemiſts, are of 
different natures, eaſily. changeable, and may further be reſolved into other 
parts 3 as appears from water, ſpirit,” falt, oil, earth produced from animal 
and vegetable bodies: even alcohol it ſelf, in burning, ſeparates into different 


11. Laſtly, by re-compounding the chemical elements extracted from any 

y, we very rarely produce the primitive compound; as may appear from 
the analyſis of wine, blood, and the like. To obtain truth therefore in its 
purity, and guard againſt errors, it is neceſſary to aſſign certain bounds to the 
art, beyond which it may not paſs. For- inſtance, that from any kind of 
bodies, animal, vegetable, and foſſil, a certain determinate operation in che- 
miſtry will always produce certain determinate effects, which are accurately to 
be diſtinguiſhed by their ſeveral characters: but whether the matters it thus 
produces actually exiſted in the body before the operation, will not be always 
ealy to aſcertain without other confiderations. Thus the ſpirit of wine ob- 
tained from any particular vegetable, by means of a regular fermentation and 
a proper diſtillation, is always of the ſame nature, and produced in the ſame 
manner. Nor has it hitherto been poſſible to obtain this liquor from any other 


matter: neither is it procurable from this without a double operation. Inthe 


mean while, this * which the chemiſt ſhews us, had no exiſtence before 
the proper means o fermentation and diſtillation were apply*d'z ſo that none 
but a chemiſt can ſpeak intelligently of its matter, cauſe and properties. And 
the ſame thing certainly obtains in a multitude: of other, bodies; ſo that we 
hy wt © #37'L v4 ,u7% ">: Ft 574 1. . reſtrain 
dünne entire, they may compoſe bodies of * | , as water and * 
8 y e bodies of © ſame nature now, as water and earth con 
one and the ſame natute 2 in all ** poſed of intire particles at the beginning. 
8 but ſhould they wear away, or break And therefore, that nature may be laſting, 
„ n Pieces ; the nature of things depending ** the changes of corporeal things are to be 
, dn them, would be changed ; water, and * placed only in the various ſeparations, and 
Faun om poſed of old worn particles, and * new aſlaciations and motions of theſe per- 

ragments of particles, .would not be of the manent particles | 
; * Newton, Optic. p. 375, 376. © v 4% | 


. 
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the more excellent, uſeful, and expedient thereby: and thus it is we would be 


The Theory of CuxMIST AV. 
reſtrain the art within narrow bounds; which art is not depreciated, but rendered 


thought to profeſs chemiſtry (a 1). 
12. By chemiſtry then, alone, it is we learn, that in every animal, or 


there is a certain Aura or ſpirit, peculiar to that ſingle body; ſo ſubtile as only 

to be perceivable by its ſmell or taſte, or other effects not found in any other, 

This Aura exhibits the character of that body, whereby it is accurately 

ed from all z it is too fine and thin to be ſeen by the eyes, 

though arm'd with a microſcope, or felt by the hands, and withal is ex. 

tremely volatile: ſo that when pure and fingle it flies off, cr the? 

mixes with the air, and returns into the common chaos of all vo 

4 2 its nature, it floats till it falls down with ſnow, hail, rain, or 

td fo ich it again enters the boſom of the earth, im it with 

virtue, and at length is received with other juices the earth into 

— \bodics of animals and vegetables. By ſuch revolution it paſſes into new 

bodies, whoſe maſs it animates and directs. This body, from its 

— exquiſite ſubtilty, extraordinary volatility, is ” alled by the ancient 
hes were deeply ſkilled in the nature o of things, Spiritus rector, or 

pirit This ſpirit was lodged by the creator in a tenacious, dun 


— be diſperſed ether by ar, water, or fre, and called oi b 


(s) Mr. Boyle in his Sceptica! Clemif, fur- ined in a fluid fourteen tine 
niſhes abundance of curious che- i : hen, can we be 
mical principles, or e/ements. E 4 is barely ſeparated, not = 
proves, does not barely take the elementary duced in other bodies by the action of fire? 
ingredients of bodies aſunder, but alſo alters y bodies, of 2 
them; and ſubſtances are thereby ſeparable mercury. To 
from bodies ſay no mare, a vegetable may be nouriſh'd, 
therein: w grow op of water alone 1 and fach 
but table, by a common ſis, yield all 
thin : now, if out fair 8 
that ſpirit, but falt, oil, and earth may 


top ; it follows, that ſalt and ſulphur, 


nn 


5 


my 1. 
if we conſider, what flight qualities they ur, 


— 22. — 
— ip” nk 
— Fombag — rite co well that ſerve to denominate a chemical element; 


ſubſtances, as thoſe of we ſhall ind, that nature frequently produces 
as great alterations in ſeveral portions of mat 
ter. To be readily diſſoluble in water, is e 
1 2005-49" ty Rays 

ſee not why, by a new 
. 


tion 
, N a Body Mn 
many P 
without any addition, before, than of the tiquid ſubſtance of an egg 
which will eafily mix with water, to produce, 
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whoſe Lentor it is as it were inviſcated, and prevented from flying off, and 
deſerting the body, for whoſe direction it was appointed. Accordingly we 


find the ancient alchemiſts maintain that this ſpirit reſides in ſulphur. 


13. But this oil, whereby the ſpirit is retained, is much more volatile than the 
other unctuous ones found in the ſame body; ſo that as the body approaches 
to death, it exhales almoſt continually with the breath; leſt a ſpirit fit for ſuch 

t uſes ſhould remain uſeleſs in a carcaſs, But fo ſparing is nature in be- 
owing this ſpirit, that ſhe ſeems only to have inſtilled the ſmalleſt particle of 
it, tho this of an excellent kind, and ſufficient for the purpoſe. The ancient 
adepts have preſum'd to meaſure this minute portion, and tell us that it is al- 
ways 5353 part of its ſeminal body. They add, that it is of ſo active a nature, 
that when cheriſhed by a brooding warmth, and ſuſtained by a due Pabulum, 
it is extremely moveable, and * with an incredible power of generating 
a ſpirit like it ſelf, as appears from frequent experience: hence they call it the 
vital — Filius Solis, the ſon of the ſun, Spirilus intus alens, the internal 
nouriſhing ſpirit, and many other the like names. 

14. To illuſtrate this doctrine by an inſtance, let us take ſome vegetable body 
which has certain characters whereby it may evidently be diftinguiſhed from 
all others; ſuppoſe cinnamon, which is an aromatic of a moſt fragrant ſmell 
and pleaſant taſte : diſtilling a pound of this with boiling water, and taking 
care that none of it be loſt, there will ariſe a milky, odorous, ſavoury liquor, to 
the bottom of which ſettles a little ruddy fragrant oil, ſtrong of the virtue of 
cinnamon, and fuch the firſt liquor was. After ſeparating the two liquors, 
let the remaining cinnamon be diſtilbd with a ſecond water, upon this will 
ariſe a limpid watery juice of an acid taſte, a faint ſmell, and affording 
none of the marks of cinnamon ; but ſo like to many other bodies, as not to 
be eaſily diſtinguiſhed therefrom. The remainder will be of a ruddy brown 
colour, an 2 acid taſte, inodorous, and without any thing to denomi- 
nate it cinnamon : tho' by its figure and external appearance it might ſtill paſs 
for cinnamon; but as to uſe or excellency has nothing to diſtinguiſh it 
from the bark of any other tree treated in the ſame manner. All the virtue 
therefore of cinnamon reſides in its diſtilled water, and particularly in the 
oil ſettling at the bottomi thereof. If this water be kept a long time in a 
cloſe veſſel, it will depoſite its oil, become thinner, and have much leſs of the 
aromatic ſmell ; ſo hae this noble property reſides chiefly in the oil. If 
the water impregnated with this ſpice be ſeparated from its ſubſiding oil, and 
placed in a narrow-mouth'd glaſs veſſel — „the whole place will ſmell 
ot cinnamon, and the remaining water in a ſhort time loſe all its aromatic vir- 


tue; yet without any greater diminution of weight than would have been 


ound in an equal quantity of common: water under the ſame circumſtances 
of veſſel, place, and time: ſo that the virtue of the cinnamon · water reſided 
in a very ſmall particle thereof. Laſtly, expoſing the oil in a broad, open 
glaſs-veſſel to the air, in a wide, open place, the place will be filled with a fra- 
e but the oil it ſelf loſe all its virtue; remaining ſtill much the 

e in weight, but utterly deſtitute of its original virtue. It appears therefore, 
that the whole virtue of the cinnamon reſided only in a very {mall quantity 5 
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dil, and yet made only the ſmalleſt part thereof. —And what has been ſhewn 


in this inſtance may be apply'd almoſt to any other body. 

15. Some happy adepts pretend to have ſeen theſe =_ ſealed up in their ſeve. 
ral bodies of ſulphur, both in metals, and in other foſſils; and ſay that the ſame, 
if freed from the reſtraint, are exceedingly active, apt to inſinuate into other 


kind of bodies, and of great efficacy again diſeaſes, —Butas for the truth here. 
| 


of, I ſhall leave it to the adepts themſelves ; declining to enter into any further 


detail, left I ſhould be ſuſpected of commending a thing I am not mafter 
n 


(o) That accurate chemiſt, M. Homberg, in his tals and metallic minerals; and Txhers not, 
—_— de Chemie, lays down the principles as ſtones, earths, foſſil ſalts, &c. The prin- 
of foſhl bodies to be ſalt, fulphur, mercury, ciples of all animal and vegetable bodies, ac- 
water and earth: not that all foſſils contain cording to the ſame author, are ſalt, ſulphur, 
them all; for mercury, he ſhews, is not a earth and water. Mem. de I Acad. an.170:. 
common principle: but ſome have it, as me- 5 


The Theory of CRRurs Rx. 171 
EE 


EFFECTS, or PRODUCTIONS 


OF 


HEMISTRY. 


. N E effects of chemiſtry are reduced to four principal claſſes or kinds Zxtraz:. 
of things; produced by combination and ſeparation. When a body is 
reſolved into its ſeveral parts, and thoſe exhibited ſeparate from each other, 
this proceſs or manner of action is called extraction, and the parts themſelves, 
eſpecially thoſe of chief uſe, extracts. Thus, when from worm wood we pro- 
cure only the bitter, pungent part, ſeparate from the reſt, it is called extract 
of wormwood ; and the moſt active 77 of iron, when detached from the 
reſt, is called extract of Mars. To this claſs are reducible a multitude of 
operations employed in the ſame body; as diſtillation with and without 
water, decoction and inſpiſſation produced thereby in various degrees ; alſo 
tinctures, by whatever menſtruum produced, &c, 
2. When ſuch an extract is prepared not from one, but ſeveral bodies mixed Cu. 
together, it changes its name, and is called a Clyſſus z which term may alſo be 
applied to ſeveral extracts procured from the ſame body, and then mixed to- 
gether : As if, e. gr. from wormwood we draw the water, ſpirit, oil, falt, 
and tincture, and according to the rules of art unite theſe again into a mals 
compounded of them all, and containing the joint virtue of all, To this 
clas are reducible many of the nobleſt productions of the art, as the more 
curious Sapo's, and an infinite number of others. ood 
3. Magiſteries ſeem to have been thus called by the ancient chemiſts, as Magiferic:. 
denoting the capital production, or maſter-piece of their art. They pretend 
they are able to take any ſimple body, and without any change of its weight, 
or diviſion of its parts, alter it into another exceedingly different from the 
former, and uſually liquid: for inſtance, to reduce an ounce of gold into a 
fluid of the ſame weight, by fire alone, without the addition of any other 
matter. This, if there be any reality in it, is undoubtedly the greateſt ex- 
| cellency of the art; but it is hitherto little known, except that ſomething of 
the kind ſeems 2 by force of fire. Thus, wax driven out of a retort 
by the fire, un ergoes a ſurprizing alteration, yet without being ſepara ted. 
4. Laſtly, elixirs ſeem properly to be where ſeveral bodies are mixed to- Elixirs.. 
gether, and without altering their weight, changed into quite other forms: 
lo that an elixir is a kind o magiſtery made of ſeveral bodies. This, Para- 
(*!ſus aſſerts to have done in aloes, ſaffron, and myrrh ; but Helmont _ 
| | © 2 im 
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him of concealing a ſolvent capable of working ſuch a miracle; yet ſubſtitutes 


Chemiſtry 
Promotes na- 
tural philaſo- 
My. - 


thereof. Nor can this ſcience be acquired otherwiſe than by obſerving, by means 


| how themſelves in the ordinary and ſpontaneous courſe of nature, but i 


| excepting the exuviæ of the ſaffron : and we make no doubt but that better 


. as may appear from this conſideration, to omit many others, that there ar 
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no better himſelt : not but ſomething of this kind may be expected from the 
art. Tis certain, a preparation made with tartariz d tartar, almoſt did the thing, 


ſolvents may be known to others; it being by no means decent to meaſure 
the knowledge of other porn by our own ſcanty pittancez tho? the chemiſts 
are but too apt to ſully themſelves with boaſting. 

5. I am not ignorant that the terms above mentioned are ſometimes uſed 
by good authors in a different ſenſe, but I have ſome of the beſt to vouch for 
the acceptations I have given them: the reader is at liberty to take which he 


pleaſes (P). 
Of the Uſe of Chemiſtry in Natural Philoſophy. 


1. HEMIS TRT being employed in the examination of all ſenſible 

bodies, tis obvious of how much importance it is in the ſcience of 
natural philoſophy, and that it extends itſelf through all the parts thereof: be- 
ſides, making great uſe of fire in the changing of bodies, it becomes on that ac- 
count of great aſſiſtance to natural philoſophy, in regard fire is the moſt gene- 
ral inſtrument which nature makes uſe of for the accompliſhing of almoſt all 
her works, Natural philoſophy therefore being the knowledge of all bodies, 
and of all the modifications which may be obferved in them, chemiſtry has it 
immediately in view to promote this ſcience ; which I ſhall endeavour to ſhey 
more explicitely. The bufineſs of a natural philoſopher is to communicate 
ſolid and accurate knowledge of all the bodies in being, and all the affections 


of our ſenſes, all the objects which the author of nature has made cognizabe 
thereto : hence, the firſt and principal part of this ſcience is to collect all the 
manifeſt and ſenſible appearances of things, and reduce them into a body df 
natural hiſtory, Now there are two ways of making ſuch obſervations ; the 
firſt, when we view things nearly as they happen to turn up, without any de. 
ſign or intervention of our on, in which way no great improvements can i 
expected in the art; becauſe chance having here the direction, only exhibit 
occaſional, or extemporary _— the other method is, when after : 
thorough acquaintance with ies, we apply them to other bodies equally 
known, diligently attending to the reſult, and obſerving whether any thin 
new ariſes, This is by far the more advantageous method to philoſophers 


infinite and many of thoſe very powerful properties in bodies, which ne 


only 


(p) This chapter might be improved from have obtained by the moſt perfect ana 
a particular conſideration of all the general which would furniſh out a thouſand new 
proceſſes hereafter laid down in the practice; ductions, never conſidered or known by! „ 
and much more from all that has hitherto been who firſt invented this ſuperficial diviſon | 
done by chemiſts in their laboratories 3 ſo as the effects of chemical operations, into 1 
to include as well the various ſubſtances they giſteries, extracts, elixirs and cly ſſus s. 
have made by compoſition, as the ſim ples they 


; 
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only brought to notice, when bodies are examined either together, oraſunder, 
by chemical means, and eſpecially by fire, in a manner from which the artiſt 
can certainly expect ſuch an event to ariſe therefrom. For the cultivation of 
this laſt method, chemiſtry ſeems the only art that is fit. It reſolves a com- 
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pound into its ſimples, and having examined thoſe ingredients ſeparately, u- 


nites them again after a certain manner, in hopes of finding ſome new ap- 
pearance, or power turn up. This ſeparating, or mixing various bodies, and 
then purſuing them with a determinate degree of fire carefully noted, turns its 
whole attention to the obſerving of what nature will produce in them. This 
art being thus inſtructed in the ways wherein thoſe above mentioned obvious 


phznomena of nature may be exactly imitated, diſcovers and Jays before our 


eyes the very inſtruments whereby that powerful agent prom her effects, 
and thus leads us in her moſt ſecret ways, and often wiſely directs them to 
our own uſes. 

2, Of this we have innumerable inſtances z Particularly in gun-powder, 
Phoſphorus, hot liquors produced by mixture, and the fiery ebullitions of 
ſuch bodies. We own that mechanics, and thoſe ſkilled in hydroftatics and 
hydraulics, have explained many operations in nature by an infallible method, 
from the 2 properties common to all bodies. But from all theſe ſciences, 
how much ſoever improved, they have never been able to account for thoſe 
effects of bodies which depend on the diſpoſition peculiar to certain kinds 
thereof; which the creator has endowed therewith beyond all the reſt; as 
thoſe effects would never have exiſted, had ſuch peculiar power or pro- 

of the body been wanting, Thus, if a load-ſtone be brought near a 

d-ſtone, iron be brought near the ſame, or iron touch'd with a magnetic 

body be brought near any of the former; what ſwift and ſurprizing effects 
will ariſe ; effects no where elſe to be found (9)? 

3. Now it is evident, that of all the ſciences chemiſtry is beſt adapted for 
diſcovering theſe latent peculiar powers of bodies: whence we may ſafely con- 
clude, that the chemical art is the beſt and fitteſt means of improving natural 
knowledge (r). They who are poſſeſſed hereof will be able, by a truly active 
knowledge, to produce phyſical effects, without reſting in ſubtilties of words, 
or idle ſpeculations of theory: it being the character of a chemiſt, that his 
ſpeculations paſs on to effects. Thus, when he explains glaſs, he will 9 the 

N ame 

% Body being abſolutel here is whereby the particles of bodies cohere ; the 
2 neceſſity for — 4— — — le — 2 elaſtfcity, eleQricity, — fer- 
ta put it into motion, and make it produce he mentation, &c. See this point further con- 
Phznomena it affords. Body at reſt is not fidered in the notes on the chapter Of Ope- 
only incapable of acting, but even carries an rations. 
oppoſition to action: it has a real power of (+) It is by means of chemiſtry, that Sis 
mattivity, a vis inertia, as we call it; which ow Newton has made a great of his 
removes it even out of a ſtate of indifferency, ſurprizing diſcoveries in natural philoſophy ; 
and nes it abſolutely to remain inac- and that curious ſett of queries, which we 
tire: ſo that not only a contrary power or find at the end of his optics, arealmoſt wholly 
principle, but that even in a higher degree chemical. Indeed, chemiſtry, in its extent, 
than the former, is neceſſary to produce is ſcarce leſs than the whole of natural philo- 
ation therein. ſophy ; as might be ſatisfactorily ſhewn by a 
*. active which have hitherto fal- thorough chemiſt; after the manner wherein 
* obſervation, are gravity, whereby our learned author proceeds to ſhew, that al- 

tend toward the centre ; attraction, moſt the whole of medicine is chemiſtry. 


Teftances of it. 
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ſame time ſhew the manner wherein it may certainly be made; and in account. 
ing for fermentation, he will at the ſame time produce it ; his ſayings will be 
effects and being free from the enquiry of ultimate cauſes, he will give the 
preſent ones. He does not invoke demons, goblins, or ſpirits, but applies 
| to body, and thus works his end, He does not rd the names of 
ſubſtantial forms, but ſticks to the conſideration of the ſenſible powers pecu- 
liarly found in each body; which he exhibits by effects, and ſhews how they 
may be applied to the production of the nobleſt works. He pays no homage 
to occult qualities, but diſcovers by his art the effects ignorantly aſcribed 
thereto z and teaches how, when diſcovered, they may be brought into action. 
He readily confefles his ignorance as to the creation of ſeeds, and the pecu- 
liar ſtructure given to each body at its firſt origin; but carefully attends to 
the appearances ariſing therefrom, and after noting them faithfully down, a 
lies them directly to the working changes in things. Such are the noble 
Fruits which chemiſtry, duly cultivated, holds forth to natural philoſophers ; 
and from this will ariſe ſuch a ſyſtem of phyſical knowledge as the great 
Lord Bacon wiſh'd for, and begun; and which, in purſuance of his deſign, the 
immortal Mr. Boyle conſiderably promoted. 


Uſe of Chemiſtry in Medicine. 


"Chemiſtiy ne- 1. H E fame uſe which chemiſtry has in all phyſics, it evidently has in 
22 ro pby- the medicinal part which treats of the human body, and the action 
» inflanced. of other bodies thereon ; neither of which can be truely underſtood without 
—_ the aſſiſtance of chemiſtry. We need not enter into a minute proof hereof. 
It is by chemiſtry alone we learn that the firft elements of the ſolid parts 
of our body are mere earth, bound together by means of an oily Gluten, 
which is inſeparable from the ſame ; except by the utmoſt force of an open 
fire. The ſame art alſo ſhews us, that water inſinuating between the ſolid parts, 
does alſo the office of a binder, hardens and conſolidates with them, ſo as not 
to be eaſily ſeparable therefrom. The fame alſo firſt explained the origin of 
this earth, oil and water, out of the food chemically conſidered ; as alſo the 
origin of the humours in the body from the ſame food, duly examined b 
chemical means. And for the parts, kinds, powers, and changes of thoſe 
humours, who can unfold them without an intimate acquaintance with this 
art? And as there is a peculiar degree of heat, now determinable by a ther- 
mometer, which belongs to a healthy ſtate of body; and as this, when well 
adjuſted, is the proper rule whereby the power of acting is meaſured ; tis 
evident of how much uſe chemiſtry is beyond all other arts, for explaining the 


+> 7 


effects of this fire. 
Phiſiolaoy, 2. And as thoſe ſkilled in mechanics and hydroftatics account for a multitude 
bow procu- of appearances obſerved in the affair of health; and as other naturaliſts daily 
reble. - makeotherdiſcoveries ; ſo do chemiſts render many things intelligible, other- 
wiſe impoſſible to be learnt ; inſomuch that we muſt of neceſſity own, that 


many of the moſt important parts in all the medical phyſiology are only to be 
known by chemiſtry, The chief article of its praiſe is, that it alone _—_ 
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and explodes the errors which certain unſkilful chemiſts had introduced into 
phyſic 3 as has been fully ſhewn by Boyle, Bobn, Hoffman, and Homberg, to 
omit others. Some pretended retainers to chemiſtry have boaſted that they 
could ſolve all the points of phy ſiology by their art alone; an error equal to 
theirs who pretend to explain every thing without any chemiſtry at all. The 
buſineſs of anatomy is faithfully to relate the ſtructure and parts of the body; 
of mechanics, to apply their doctrine to the ſolids; of hydroſtatics, to aſcertain 
the common laws r the motion of fluids ; of hydraulics, to demonſtrate the 
actions of the ſame fluids in their paſſage through known canals : and to all 
theſe add what genuine doctrines chemiſtry will afford the whole, if I 
miſtake not, this will make a perfect medical phyſiology. 


3. Nor does chemiſtry ſeem of leſs ſervice in framing a juſt pathology. For Pattobyy. 


how ſhall we aſſign the cauſes, changes and effects of morbid humours in the 
body, otherwiſe than from chemical principles? The diſeaſes incident to 
the fluids, when they ſtagnate in the veſſels, or move too flowly thro* the 
ſame; or when they are extravaſated, and ſettle in the cavities of the body, are 
inexplicable without this art. So likewiſe the manner whereby a briſk agita- 
tion of the oils, ſalts, ſpirits, and earth intermixed with our fluids, and circu- 
lating therewith thro? the arteries, makes a change in them, is only to be learnt 
from chemiſtry. The nature and kinds of acrimony, and how generated in 


the body, are unintelligible without chemiſtry, By what means the parts of 


the blood are coagulated, and how reſolved again, is beſt learnt from our art; 
which alſo explains the nature of Pus, Ichor, Sanies, fluid Virus, the ſpreading 
of gangrenes, and the effect of mortifications z concerning any of which we 
have nothing tolerable without chemiſtry. Add, that the diſeaſes of the bones, 
cannot be truly accounted for without the aſſiſtance of chemiſtry. 


4. But tho chemiſtry be allowed of great uſe in phyhoſogy and pathology ; $emerrics. 


yet that part of phyſic employed about the ſigns of health, diſeaſes, and life, 
was ſo thoroughly cultivated by the ancient Grecians, that many will imagine 
there is no room for chemiſtry here. We muſt own indeed, that the dili- 
gence and fidelity of the ancients in collecting the ſigns of diſeaſes, ſurpaſſed 
all belief; and yet they were wholly employed in obſerving thoſe indications 
which nature ſpontaneouſly preſents to the ſenſes; which point they attended 
to ſo ſollicitouſly, that they have left little for the moderns to do herein: in- 
ſomuch that the chemiſt muſt learn this doctrine wholly from them, before he 
be qualified to apply his art to the diſcovery of diſeaſes. And yet the true ſig- 
nification of each fign is not eaſy to be learnt without chemiſtry ; but ſatisfac- 
_ torily with it. This, if we had time, might be ſhewn in every particular. 
It was found by them that the too quick pulſations of the arteries denoted a 
fever reſent, the degree whereof they eſtimated by the number of pulſations; 
and thus that by an increaſe of the natural heat, the radical moiſture” was 
waſted. Conſequently that the danger of the diſcaſe was different, according 
to'the different degree of heat, Harvey further taught, that the too great ce- 
lerity of the pulſations was owing to the heart, which received the blood from 

e veins and diſcharged it into the arteries-too quick. Thus far only went 
the uſe of the ſign which they had obſerved z but a chemiſt, upon obſerving 


the heat increaſed by the increaſe of the number of pulſations, will ſhew each 
eviden 


* 


— 
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evident experiments, that the moſt liquid parts will thus be diflipated, the 

eſt thickened, the oils diſſolved, mix'd with the blood, ground againſt the 

veſſels, rendered acrid, made volatile, and become putrid ; in that ſtate being 
protruded into the finer veſſels of the brain, will occaſion violent commotions 

therein, nor be eaſily expelled the blood; that the faline part of the fluids 

will be ſo changed as to loſe its natural unfitneſs for motion; whence it now 

hurries almoſt ſpontaneouſly from place to place, and of mild and ſaponaceous, 

which it was before, becomes acrid, biting and fiery, called alcaline. Thus at 

the ſame time, a chemiſt will both collect the true meaning of this ſign, and ex- 

hibit its general uſe. The ancients were alſo uſed to learn the internal diſpoſi. 

tion of the body, and the ſecret nature of diſeaſes, from inſpeRing the urine, 

And the modern phyſicians are forced to do the ſame ; tho? to little purpoſe. 

But if a phyſician ſkilled in chemiſtry examine the urine, according to the rules 

of his art, he will diſcover a multitude of very uſeful things by it. Its quan- 

tity, colour, taſte, contents, ſediment, the matter ſwimming in it, and the froth 

will ſhew the nature of the urine, and of the ſalt, oil, es. earth therein con- 

tained, and conſequently in the blood. Thus he will diſcover the ſecret difor- 

ders of the humours, and foretel the good or bad events ſhortly to ariſe from 
| both; and hence govern the preſent ſymptoms, and provide againſt future ones, 
that life may not be endangered thereby. In effect, none but a ſkilful chemiſt 
is able to judge accurately of the nature of the ſpittle, ſweat, pus, ichor, or 
ſtools, by the ſigns diſcoverable therein. Not that a bare ſkill in his own art 
will qualify him for this ; but if he be at the ſame time intimately vers'd both 
in phyſic and chemiſtry, by the joint uſe and aſſiſtance of the two, he will be 
able to diſcover things, which neither of them fingly could have furniſhed him 
with. All theſe particulars, it were to be wiſhed, thoſe, among the phy ſicians, 
who are chemiſt-haters, would ſeriouſly conſider. It . hinder them 

. from raſhly contemning an art whoſe office may be of ſervice, but never hurt. 

| ful. I own that ſome chemiſts, unacquainted with phy ſic, have done much 

| | miſchief upon their medling in practice; but this is the fault of the men, not 
of the ſcience. 

Dietetics. 5. Again, no juſt rules for the diet of healthful perſons can be laid down, 
unleſs the phyſician knows what kind of corruption the meat and drink wil 
be changed into, by the particular degree of motion arifing from the exerciſe 
which the patient uſes, or from his peculiar temperature of body. Huſband- 
men, porters, and the like, who inure their limbs to hard labour, find that 
fiſh and fleſh, when freſh, and not thoroughly ſalted, quickly putrefy in ther 
bodies by the too vehement attrition thereof : whereas ſour brown bread, 
frumentaceous food and milk, or fiſh and fleſh dried in the air, or ſmoaked, 
and well pickled with ſalt or vinegar, alſo water or ſouriſh ſmall-beer for 
drink, are advantageous ; in the motion of the bile being here too grea!, 
tends as well as the whole of blood to putrefaction: to prevent which, 
ſuch foods are to be choſen, as by their ſourneſs, ſaltneſs, and hardneſs, ar 
the moſt remote from putrefaction. But ſuch. as devote themſelves to a ſtu- 
dious life, and ſpend their time and ſpirits in a cloſe application to books; for 
want of the due motion and exerciſe, neceſſary to ſtrengthen their bodies 


muſt uſe, for their diet, ſuch things as are of eaſy digeſtion, and approach * 
| m 
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The Theory of CNR Misr Rv. | 
much as may be to the nature of the juices of the human body: for inftance, tze 
more tender kinds of fleſh, fiſh, and eggs, freſh, and little falted, which 
chemiſtry here ſhews to be proper. Chemiſtry, in fine, is the ſcience which | 
of all others deſt explains what relates to meat and drink, their matter, ſeaſon- 
ing, and dreſſing ;, to motion, ſleep, promoting of excretions, and the paſſions 
of the mind, and d iĩrects all theſe to the 7 of health. | 

6. Tf we now turn our eyes to the cure of diſeaſes, we ſhall find, both that The rapentics. 
the diet ſuitable for the ſick, and moſt of the remedies neceſſary, either for ſup- 
porting or recovering loſt health, viz. ſuch as will either correct or expel pec- 
cant humors, and make the pungent more mild, muſt he chiefly furniſhed from 
thoſe means and inftruments which chemiſtry beſt explains, digeſts in proper 
order, and fits for the neceſſary uſes. 

7. Some perhaps may think it abſurd if I fay that chemiſtry gives us an 
exact Wege, of all the ways whereby, from the figns obſervable in the 
fick, we know whether, and by what means any thing 1s to be done to fave 
and recover the patient, and remove, or correct the cauſe of the diſeaſe, and 
| the diſeaſe it ſelf, But, for further information on this head, I refer to 
what I have formerly publiſhed concerning the Methodus Medendi for the uſe 
of young phyſicians. { | 

8. The truth of what we have aſſerted may be confirmed by the authority 
of the great Lord Bacon, who, from abundant experiments, every where re- 
commends chemiſtry as neceſſary in all the parts of phyſic; not to mention 
| Mr. Boyle, who in his elaborate pieces, of the Sceptical Chemiſt, improved 
with additions and illuſtrations by himſelf ; of unexpected failure of experi- 
ments; of ſpecific remedies ; of the hiſtory of human blood; the uſefulneſs of 
experimental philoſophy ; the mechanical production of qualities; and in many of 

is other writings, actually demonſtrates the ou uſe of chemiſtry in every 
of phyſic. If any others need be alledged after theſe, conſult the Exgliſb Phi- 
loſophical Tranſactions, and the Memoirs of the French Academy of Sciences; 
where you will ſ& with what induſtry and emulation the philoſophers of the 
preſent age have cultivated chemiſtry, with a view to the improvement of 
phyſic: and the Ephemerides of the German academiſts, every where afford 
| us the nobleſt proofs of the ſame. *Tis indeed to be lamented that the 
phyſicians beſt inſtructed both with learning and experience, are ſeldom 
deeply vers d in chemiſtry ; and again, that the moſt intelligent chemiſts have 
uently ſcarce known any thing of phyſic, to the apparent detriment of 
both thoſe Arts. Jo. Bobnius and Fred. offman, it muſt be allowed, are 
perfectly verꝰd in both; and excel the reſt. I do not rank Francis de le 
Boe Sylvius, and Otto Tachenius, with them, by reaſon their too great fond- 
nels and attachment to chemiſtry led them to conſider it rather as the miſtreſs 
than the ſervant of phyſic. Such matters as chemiſtry affords, applicable 
without danger to the uſes of phyſic, I have formerly collected. and inſerted 
in their proper places, in a treatiſe de cognoſcendis & curandis morbis, and in an- 
other, de Materia Medica, publiſhed fince (5). 
Uſefulngs 


1 10 7 The general ignorance of the ancient a perſuaſion, that chemiſtry was of no 7 
yacians in the chemical part of their pro- cance therein: as if, becauſe neither Hippo- 
17 eon, led ſome of their modern admirers into crates, nor Galen, ever ſaw a diſtill'd 3 
' Aa a 
W 3 
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arts, what. 


Painting. 


arts which contribute their ſhare towards the improvement of painting: but for 
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Uſefulneſs of Chemiſtry in the Mechanical Arte. 


„ 2 arts are vulgarly call'd mechanical, which are performed by 
the labour of the hands; being very different from that mechanics, 
which lays down the powers of bodies, arifing from the common properties of 
all bodies, which geometricians explain. Chemiſtry is of no ſervice to this 
latter; but is of advantage to the former, which are employ'd in 
working upon, and making changes in bodies (7), ; 

2. Painting is an art that imitates and expreſſes ſenſible bodies by lively co- 
ours; and has always been held in the higheſt eſteem (u). There are many 


that pa 
-muf}. be allow'd the preference, as may be ſhewn in few words. 
brated blue, called Ultramarine, which has the advantages of being beautiful 


to the eye, yet altogether unchangeable, is- 


two men 


tho' they were ſtrenuouſſy oppo 


and Galen, againſt the inhovators : 
ſtill roms obſtinate, were in the year 1603, 
Publi 


rt which relates to the colours, their beauty and durableneſs, chemiſtry 


The cele- 


pared by a chemical procels 


from Lapis Lazuli: and that other common blue, called fmalt, is the produce 


of the ſame art (x)). 
all ſuch ſpirits muſt be trifles. The firſt ap- 


plication of chemiſtry to the purpoſes of me- 
dicine, we have already traced out in the hi- 


ſtories of Baſi/ Valentine, Paracelſus, and Hel- 


ont. 
In the days of He/mont, this kind of know- 
ledge had gain'd conſiderable ground; and 
bn Sir Theodore Mayern, 
und Quercetan, proſeſſed it publickly at Paris ; 
| ed therein 
by the faculty, who commiſſioned one of their 


members to write an apology for Hippocrates 
theſe 


ckly cenſured,. condemned, and ejected, 
together with their writings, and their art, 
by the conſent of the whole college. This 
- raſh procedure only the more excited the che. 
miſts to write and 


upon which, the phyſicians of Europe divided 
into ſe&ts under the names of Ga/leni//s and Che- 
miſis, Many a learned pen was now drawn 
in defence of the ancients ; and many an one 
to recommend the new-found art. In the 
mean time, *freſh diſcoveries in-chemiſtry were 
daily made, and the number of its admirers 
increaſed ; ſo that the Galenit themſelves 
were at length prevailed upon ſecretly to try 
the effefs of chemical medicines : which gave 


t dem to fee, that chemiſtry was not, as they 


imagined, to be raſhly condemned by the 
lump. And this at length ended in a friendly 
union of the two pharmacies, Galenical and 


rf. ad Phil. Nat. Prince. Math... 


divulge their experiments, 
and made their doctrine more inquired after: 


notes upon 


1 3. 
Chemical ; which muſt be allowed a happy 
coalition. The juſt compiling of diſpenis- 
tories, and the art of extemporaneous preſcrip- 
tions, depend upon a knowledge of chemiltry ; 


and to the want of this are owing thoſe error 


ſo frequently committed by diſpenſatory-wri 


ters, in ordering the ſtanding medicines of the 


t) © The ancients,” Sir Mum 
made two kinds of mechanics: . rations, 
which proceeds by demonſtration ; and 


practical, to which belong the manual art, 


« whence the name mechanics was original!) 
„ taken. But in d artificers uſu 
«« work inaccurately,. by this means mechs- 
„ nics have come to be diſtinguiſhed fon 
geometry; ſo that whatever is accurate!) 
done, is referred-to geometry, and the tel, 
« lefs accurately performed, to mechanic. 
Vet does not the difference lie in the thing 
<< but wholly in the men. He that works i 


© accurately, is an imperfect mechanic; ard 


he muſt be allowed the beſt of all mech 


« nics who works the moſt accurately of 4 
In eſſect, mechanics, or the mechanic arb; 
« are, as it were, the baſis of geometry ; tb. 
% drawing of right- lines and circles, wh 
<* geometry is to conſider, being wholly 1e 
* chanical “. 

( See Junius in bis elaborate work de ji 
tura veterum. 


(x) See Ant. Neri. Lib.7. 115- and Mari 
the lame. 
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3. There is n more earneſtly deſired by the beſt painters than a beau- 
tiful green, which will keep its brightneſs long in perfection. Now the noble 
Ultramarine blue, not inferior in value to gold it ſelf, being mix'd with a 
yellow, effectually anſwers this purpoſe : ſo that withopt chemiſtry, paintin 
would want two of its beſt colours. The colours called lacca's, are pre 
by a chemical coction and precipitation: and how much of their beauty do 
pictures owe to. the brightneſs and clearneſs of theſe colours ? I paſs over 
cinnabar (y), orpiment, ochre, and others; nor ſhall I mention that a beau- 
oy A colour is made uſe of by painters, from bones burnt in a cloſe 
veſſel. 

4. Chemiſtry, *tis certain, is an art very foreign to painting; yet the latter 
without the former would want its chief ornaments : a chemiſt may eaſily do 
without painting, but a painter ſcarce at all without chemiſtry, 
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5. The chemiſts have alſo found a method of painting on gold, and other Ename/lirg. 


metals; or of covering it with the brighteſt and moſt beautiful colours, com- 
poſed chiefly of a metalline and glaſly matter, with a moſt penetrating, fix'd, 
alcaline falt. Theſe Colours, called enamels, Encauſta, Amauſa, Eſinaillades, 
and ſmalts, by their great vivacity ſtrike the eye with ſingular pleaſure ; nor 
are liable to fade in any length of time. It will here be worth while to turn 
to the above-mentioned Neri (z); but more eſpecially to Jaac Hollandus, who 
gives us many excellent things concerning this noble art z which may vie with 
all the teſſellated pieces of antiquity. Tis certain, the fine necklaces and o- 
ther jewels wore by ladies, by way of ornament, owe much of their luſtre to 


this art (a). | 
Aa2 6. 
) Cinnabar. See what we have alread) eſe with calx of braſs. For yellow, 
id hereof, in this mates, f — — ee * 


Vermillion, the ancient minium, is pre- Enamelling, to appear in perfection, ſhould 
pared of native cinnabar, by grinding it up only be practiſed on plates of gold; the o- 
with ſpirit of wine, and urine, and then ther metals being leſs pure: copper, for in- 


* 


rying it. 

(z) See his, whole ſixth book. 
2 8 nancy „ as is — 

» have for their a pure cry 
or frit, ground up with a finecalx T lead and 
tin for the purpoſe; with the addi- 
tion, — * white ſalt of tartar. Theſe 
tents t , are the matter of 
al amt ; — by adding co- 
of this, or that kind, in powder, to this 
matter, and melting or incorporating them 


in a furnace: when melted, they are 


into water; and when dry, melted over 
again, and the colour rais'd, or taken down 
at diſcretion. For aohite emamel, Neri directs 
F manganeſe to be added to the matter. 
azure, zafter mix'd with calx of braſs. 
„* calx of braſs, with fcales of iron, 

cus martin. For black, zaffer, with 
4 or with crocus martis ; or manga 
=> _ tartar. For red, man or 

Copper and red tattar. For purple, 


De Arie Vitrar, 


ſtance, ſcales with the application, and yields 
fumes ; and filver turns the yellows white, 
Nor muſt the plate be made flat; for in ſuch 
caſe the enamel crackles: to avoid which, 
they uſually forge them either a little round, 
or oval z and not too thick. perm 
a plot being will ang enaly ACS 

e 0 ying on 
a couch of white enamel, on both Ades which 
prevents the metal from ſwelling or bliſtering ; 
and this firſt lay from tor the gronnt of tl 
the other colours. 

On the plate, thus enamelled with white, 
they trace the deſign to be painted ; touch- 
ing and finiſhing it up with. ſome other co- 
lour. This done, the is ſet in a rever· 
batory furnace, to fix the colour ; and the o- 
ther colours are applied in like manner in their 
turns. The white colour of the ground ſerves 
for the lights, and is therefore ſpared in all 
the places where ſuch heightnings are re- 
quired F. * 


+ Felibien, Princ. de Þ Archite8. de la Sculpt. Ee. 
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The Theory of CRMuTs TRV. 
Staining of 6. There is alſo a third kind of painting, which repreſents things on glaſs in 
the moſt beautiful yet tranſparent colours: the wonders of this art we ſee in 
great perfection in the windows of a church at Gauda in Holland ; which no 
modern performance can come up to, By means of this art they lay colours 
on the ſurface of glaſs, which being baked by force of fire, their former luſtre 
improved, and their ſubſtance diffuſed to a perfect tranſparency, pe 
the body of the glaſs, yet without paſſing a hair's breadth beyond their aſſigned 
limits, or blending with the adjacent ones. I ſcarce know of any thing more 
curious and beautitul, or that contributes more to the ornament of churches, 
The recovery of this art, now almoſt loft, i 


hardly to be expected, except from ſome chemiſt who ſhould apply the dil. 


halls, and other buildings. 


coveries of his art to this uſe (6). 


(6) The colours uſed in ſtaining or painti 
on , are all of the metalline, or mine 
kind, and not procured without chemical ope- 
rations, and many of them painful ones too : 
black, according to Felibien, is made of ſcales 
of iron, ground with glaſs beads : white, with 
ſand, calcined, pounded, mixed with ſalt- 
tre, and the mixture recalcined, repulveriz'd, 

c. Yellow is leaf-filver, ground, and mix'd 
in a crucible, with ſulphur or falte-petre ; 

round a ſecond time and mix'd with oker. 

ed is made of litharge of filver, and ſcales of 
iron, arabic, glaſs-beads, blood-ftone, 
Sc. Green, of . uflum, black lead and 
ſand calcined, and incorporated; then ſalt- 
petre added; then calcined a ſecond time, 
2 i 3 yet ere it be _ Blue, 
e A violet, are prepared lik cen, 
2 Cakes _ the — 25 and MH lieu 
thereo | ur, for ſky-blue ; perigueux, 
for purple ; both for violet. We muſt 
add, however, that theſe colours are not uni- 
verſal 3 moſt painters on glaſs having their 
icular ones, which they keep ſecrets. 

* Methodof flaining er painting on glaſs. 

Do paint on glaſs, they firſt defign their ſub- 
ject on paper; then make choice of pieces of 
glaſs, proper to receive the ſevera ts 3 
and thus proceed to diſtribute the 4. on 
the paper it ſelf into pieces ſuitable to thoſe 
of the glaſs: contriving, that the glaſſes ma 
join in the outlines of the figures, and the fol 
of the draperies ; that ſo the carnations, and 
other finer parts may not be damaged by the 
lead, in joining the pieces together. 

The diſtribution made, they mark all the 
glaſſes, as well as the papers, with letters, or 
numbers, that they may be known again. 
Which done, applying each part of the de- 
ſign on the glaſs intended for it, they copy, 
or transfer the ſame upon the glaſs, with the 
black colour diluted in gum-water, by tracing 
and following all the lines and ſtrokes as they 


netrates 


7. 
— thro” the glaſs, with the point of a 
i p 


P When the firſt ſtrokes are well dried, which 
. in about two days, if the work be 
in black and white, t ive it a ſlight 
over with urine, gum - arabic, and a little 
black ; and this ſeveral times repeated, ac 
cording as the ſhades are deſired to be heigh- 
tened : with this circumſtance, never to a 
ly a new lay till the former is. ſufficiently 
qried. This done, the lights and riſings are 
given by rubbing off the coldur in thoſe places 
with a wooden point, or the handle of the 
cil. 

As to the other colours above mentioned, 
they are uſed with gum-water, much as in 
painting in miniature ; taking care to apply 
them lightly, for fear of effacing the outlines 
of the deſign ; or even for the greater ſect- 
rity, to apply them on the other fide: eſpe 
cially the yellow, which is very ] 
to the other colours, by blending therewith. 

And here too, as in pieces of black and 
white, particular regard muſt be had, not t 
lay colour upon colour, or lay on lay, till 
ſuch time as the former are well dried. It 
may be added, that yellow is the only co- 
lour that penetrates the glaſs, and incorpo 
rates therewith by the fire : theeſt, and par- 
ticularly the blue, which is very difficult to 
uſe, remaining on the ſurface, or at leaſt e- 
tering very little. ; 

When the painting of all the pieces ib 6- 
niſhed, they are carried to the furnace to an 
neal, or bake, and fix the colours thereon. 
This furnace is ſmall, and built of brick; ® 
little above the bottom is an aperture to put 
in fewel, over which is a grate, which traverſe 
the furnace, and divides it into two parts 
above this is an aperture, thro' which to 
out pieces, and examine how the coction go? 
forward. 


On the grate is a ſquare earthen pan, on dt 


» 
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5. Somewhat akin to 
moſt beautiful colours ta filk, cotton, linen, and woollen; and thus af- 
fords us garments, hangings, flags, and the like. This art depends chiefly 
on three ings 3 VIZ. 1. Ong the ſurface of the ſtuffs to receive and 
ormed by waſhing them in different lyes, 

digeſting, beating them, &c. in which human urine putrefied, a ſharp 
falt of aſhes, divers ſoaps, and gall of animals, are of principal uſe; by 
means whereof the viſcous Gluten of the filk-worms, naturally adhering to 
their threads, is waſhed- and cleanſed from them; and thus they become 
fitted to imbibe the colours. By theſe alſo the greaſy foulneſs adhering to 
wool and flax, are ſcowred off. In every article of which, the uſe of che- 
miſtry is ſufficiently conſpicuous. —The 2d is, ſo to grind the colours, as that 
they may enter the body duly prepared, and preſerve their brightneſs undi- 
miniſhed 3 in which chemiſtry is known to be of ſingular importance, as ap- 
pears from the manner of dying ſcarlet, diſcovered by Cornelius Drebbel, citi- 
zen of Alcmaar ; a man of great honour and veracity, perfectly skilled in all 
the ſecrets of chemiſtry, (which recommended him to the king of England,) 
and enumerated among the adepts of thoſe times. Among other of his wri- 
tings, he left an account of an experiment concerning the method of dying 
wool with a bright flame colour; which method his ſon-in-law, Kuffibaar, 
afterwards putting in practice, raiſed an immenſe fortune by it. Spirit of nitre 
is found to heighten and improve the rich colour of cochineal, into the bright- 
neſs of burning fire; but then its acrimony corrodes and damages the wool, 
which is prevented by dulcifying it with tin; after which it neither hurts 
wool, nor filk, yet retains all its brightneſs. —The 3d conſiſts in having beau- 
tiful colours; wherein the uſe of chemiſtry is obvious. I once ſhew'd ſome 
colours, which I had prepared from ſolutions of copper, to ſome skilful maſter- 
dyers, who were ſurprized with the beauty of them, and would have given 
any money to have been able to give colours of ſuch brightneſs to, their ſtuffs, 
Sc. and no wonder, fince the blue, violet, and green of copper, which may 
be raisd, or weakened at pleaſure, affords ſo agreeable a variety, that a 6 
on 

res, one at each corner, and another in 


inting is the art of dying, which gives the Dying. 


fide whereof is a little aperture, thro' which 
to make the trials, placed directly oppoſite 
2 in the furnace deſtined for the ſame 


In this pan are the pieces of glaſs placed in 
owing manner : firſt, the bottom is 
covered with three ſtrata of plaiſter, or beaten 
lime, 1 from each other, by two o- 
thers, of broken glaſs; ſerving to ſecure the 
22 glaſs from the too intenſe heat of 
e fire. The glaſſes are laid horizontally 
2 * uppermoſt layer of this plaiſter or 
This firſt row of glaſſes they cover with a 
lay of the ſame 3 an ach deep ; and 
over this lay another range of glaſſes : and 
thus alternately till the pan 15 quite full. 
, To jea thus prepared, they cover up the 
rnace with tiles, or a ſquare table of earth 


Cloſely luted all round ; y leaving five little 


middle, to ſerve as chimneys. 

Things thus — * there remains no- 
thing but to give fire to the work: the fire 
for the two firſt hours muſt be very moderate, 
to be increaſed in proportion as the coction 
advances, for the ſpace of ten or twelve hours, 
in which time it is uſually compleated. At 
laſt, the fire, which at firſt was only of char- 
coal, is made of dry wood; ſo that the flame 
covers the whole pan, and even. iſſues out at 
the chimneys. KI 

During the laſt hours,. they make eſlays 
from time to time, by taking out pieces thro? 
the little aperture of the furnace, to ſee whe- 
ther the yellow be perfect, and the other co- 
lours in good order. When the annealing is. 
thought ſufficient, they proceed haſtily to ex-. 
tinguiſh the fire, which otherwiſe would ſoon, 


burn the colours, and break the glaſſes. 
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" rt of glaſt. 


we are able to fit within doors, or in a coach, or ſhip, 
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ſon who could die woollen, filken, linen or cotton cloaths there with, would 


in an immenſe eſtate. | 5 | 
8. The art of glaſs is one of the moſt uſeful to mankind: by this, together 


with the grinder's help, we obviate the natural infirmities of the eyes ; without 


this old men would be debarred the uſe of letters; to this alone we owe that 
and ſee all things 


clearly around; yet without being expoſed either to the ſcorching heat, or 
freezing cold, or being annoyed with the duſt, ingreſs of extraneous filth, or 


diſturbed by the wind. Pure glaſs will ſcarce receive any ſtain ; or, if it do, 


is quickly gleanſed again: it preſerves bodies repoſited in it without changing 
them, or being changed by them; and if the glaſs be perfectly clos'd on all 
ſides, they will remain incorruptible and immutable, Glaſs is proof againſt 


would be priz'd above all metals. 


all corroſives; and eludes even the alcaheſt, if ever there was ſuch a thing; 
confining it within its body, whilſt others are diſſolved by it into pure water. 
It is a principal inſtrument in chemiſtry z and were it not for its being common 


9. It is of ancient origin, being firſt cultivated in Egypr/, rendered malleable 
e of Tiberius, and in our days is made to the greateſt perfection in the 


in the 
iſland of Morrana at Venice, and in Great Britain (c). 


(c) Neri traces the antiquity of glaſs as far 
back as the time of Fob : that writer, ſpeak- 
ing of the value of wiſdom, c. 28. v. 17. ſays, 
that gold and glaſs are not to be equall'd to it: 
ſo, at leaſt, our — has it, after the Sep- 
-tuagint, Vulgate, the Syriac, St. Ferom, &c. 
But in — e, as here in the 0» 
'Tiginal Hebreuu, the word glaſs is not ſeen : 
inſtead thereof, the Chaldee uſes cryſtal ; the 
Arabic, jacinth-; the alien, Spaniſh, French, 
Dutch, a diamond; the Thargum, a looking- 
'glaſs ; Pagrinns, a preci ſtone ; Vatabe, 
-a beryl, &c. The reaſon of all this diverſity 
-ariſes hence, that the original word Zechu- 
.cbich comes from the root Zacac, which ſig- 
niſies to purify, cleanſe, ſhine, be white, or 
tranſparent 3 whence the ſame word is äp- 
plied to frankincenſe, Exod. 30. 34. where 


the Seprzagint renders it pellucid : & thac the 


word may equally ſignify any thing beautiful, 
— fn I, no —— pecu- 
— —ñ—ñ—ñ—0— to expreſs what we now 
call glaſs *. 

Pliny relates, that glaſs was firſt diſco- 
* vered by accident in Syria, at the mouth of 
the river Belus, by certain merchants driven 
* thither by the fortune of the fea, and ob- 
* liged to continue there, and dreſs their vic- 
* tualsby making a fire on the ground; where 
there being great ſtore of the herb 4a/7, that 
plant burning to aſhes, its ſalts mixed and 


®* Merrer, Obſerv. in Anth. Nes. 
T Objere. in Anth. Neri. 


10. 


70 rated with ſand or tones fit to vi- 
« trify or make glaſs +.” | 
Dr. Merret will have glaſs as ancient as ei- 
ther cy; or making bricks; for that a 
kiln of bricks can ſcarce be burnt, or a batch 
of pottery be made, but ſome of the bricks, and 
the ware, will be at leaſt ſuperficially turn'd 
to glaſs : ſo that it muſt have been known at 
the building of Babel, and as long before as 
that art was uſed ; and likewiſe by the Egy- 
tians, among whom the 1/-aelites were many 
s employ'd in making bricks f. Of this 
ind, no doubt, was that foſſil glaſs men- 
tioned by Ferrant. Imperat. to be found under | 
in places where great fires had been |. 
'Tis controverted among naturaliſts to what 
claſs of bodies g/ ought to be referr'd: 4 
gricola, Lib. XII. de re metall. makes it a con- 
crete juice: Vin. Belluacenſir, Lib, XI. calls it 
a ſtone ; and . ty reckons it among the 
media mineralia or ſemi· metals: but Dr. Merret 
obſerves, that the forementioned are all na- 
tura! productions; whereas glaſs is factitious, 
a compound made by art, a production of the 
fire, and never found in the earth. To ob- 
viate this, Fallopius diſtinguiſhes between glaſs 
contained in its own mine, or its own ſtone; 
and true glaſs that is extracted from the ſame. 
Now, the latter, ſays he, is no more artificial, 
than a metal is, extracted from its mineral: 
and as to the former, he urges, that as 
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10; The choice of the materials whereof it is made, the preparation it ſelf, 
the proper mixture, coction, bringing to perfection, &c. are all owing wholly 


to chemiſts. 


11. Flint, ſand, ſtones, afford different ſpecies of glaſs ; and the calces, 


according to the different manners wherein they are burnt and extin 


guiſhed, 


roduce different degrees of beauty in the glaſs. So the aſhes of plants us d 


erein, alſo vary the goodneſs of glaſs. A fix'd alcaline falt, ſharp 


and 


well purified, mixed with a pure calx of flints, yields a glaſs clearer than 
amber it ſelf. It muſt be owned, that by uſing a great deal of ſalt to a ſmall 
quantity of flints, the glaſs becomes very clear; but is weak and frail, apt 
to crack by fire and water, and by age grows dull; and even infects liquors 


put 


by having its exiſtence in the ore, ſo glaſs b 
having it in the ſtone out of which it is educed, 
is natural, Butthis argumentation Dr. Merret 
overturns, by ſhewing that glaſs is never found 
in that form in any mine, but only the ſand 
and ſtone whereof it is form'd : whereas meta's 
are perfectly form'd by nature into certain 
ſpecies, in proper veins, tho" freguentiy in 
ch ſmall parcels, that they lie hid, till the 
fire has collected them together, by ſeparating 
from them the other matters wherewith they 
were mix d. Accordingly, fire only pro- 
duces metals by its faculty of ſeparating hete- 
_— and congregating homogeneous 
ies ; whereas it produces glaſs by uniting, 
and mixin eneous matters, viz. ſalt 
and ſand into one. Fall:yius, indeed, denies 
this, and pleads, that tis falſe to ſay that 
glaſs is at all made of aſhes : the aſhes are only 
added inſtead of the nitre, uſed among the an- 
cients, the better to extract the glaſs out of the 
ſubſtance of the tone : but this is eaſily re- 
futed : for if the glaſs were procured from the 
alone, the weight of the metal muſt be 
leſs than that of the Nones; whereas in reality 
it far ſurpaſſes it; 100 weight of ſand yi ding 
above 150 lib. of glaſs. Lad. that ſalts 
uſe of, are of the moſt fixed kind ; which 
therefore, we cannot ſuppoſe to be carried off 
by the fire: and that in the coarſer glaſſes, 
Which are corroded by the air, one may diſ- 
cern, nay pick 1 of ſalt, diſcovering 


themſelves to be ſ by their taſte. 
Dr. Merret ives Us a ciſe and accurate 
enumeration 


N the ſeveral characters, or pro- 
perties of glaſs: the princi 
that it fuſes in a vehement fire ; when fuſed, 
1s tenacious, and cleaves to iron; does not 
conſume or waſte in the fire, and is the laſt 
effect thereof; is ductile and faſhionable into 


= form, While red-hot, but not malleable z: 


liable when cold; diaphanous either hot or 


whereof are, 


ur 


cold ; flexible and elaſtic ; diſunited, and 
broke by cold and moiſture, and eſpecially by 
ſaline liquors ; is only cut by a diamond or 
emery ; does not let acid juices, or any other 
thing extract either colour, taſte, or any o- 
ther quality from it; does not wear by the 
longest ſe; nor will any liquor make it muſty, 


in it, and ſometimes deftroys them utterly. So tea remains uncor- 
rupted in green glaſs, but in the clear kind is totally ſpoiled. Hence, for 
ad O 


change its colour, or ruſt; it ſoftens metals, 


and renders them fuſible; receives all metallic 


colours, both externally and internally; will 


not calcine; may be cemented, like ſtones 
and metals. * bo 
ing 0 7. 

The materials . af is made, we 
have already hinted to be /a/t and ſand, or 
ſtones. The alt here uſed, is procured from 
a ſort of aſhes brought from the Lævant, call'd 


pol ver ine or rochetta ; which aſhes are thoſe of 


a ſort of water-plant, called tali, of the ſpe- 
cies of that found in ſome parts of England, 
call'd frog graf, or crab-graſe; cut down in 
ſummer, dried in the ſun and burnt in heaps, 
either on the ground, or on iron grates; 
aſhes falling into a pit, grow intoa hard maſs 
or ſtone, fit for uſe. | 
To extract the /a/t, theſe aſhes, or ne, 
are powder'd, and Gifted ; then put into boil- 
ing water, and there kept till 3 of the water 
be conſumed ; the whole being ſtirred up from 
time to time, that the aſhes 1.0 incorporate 
with the fluid, and all its falts be extracted; 
then the veſſel is filled up with new water, and 
boiled over again, till F be conſumed ; what 
remains is a fort of lee, ſtrongly impregnated 
with ſalt. This lee, boiled over again in freſh 
co 
2 its ſalt; which is to be laded out, as it 
ſhoots, into earthen pans, and thence into 
woa den vats to drain and dry. This done, it 


oven, call'd calcar, to dry. It may be added, 
that there are other plants beſide Kali which 
y 


2 


i 


* 
: 


* 


thickens, and in about 24 hourg- 


* 


is grofsly pounded, and thus put in a fort of 


ield | 


. me 46 
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our art, we chuſe a green durable glaſs made of a great proportion of earth 
and a leſs of ſalt, kept long in fufion, and well elaborated by a ſtrong laſting 
fire. Conſult Anton. Neri de arte vitraria; the excellent Agricola in his 
book of metals; Chriſtopher Merret in his obſervations on Veri; and Fo, 
Kunkel, who at the expence of that generous prince, the elector of Branden. 
bourg, has brought the art of glaſs to its higheſt 
on Neri, Lip. 1679. 4to. and more eſpecially in a treatiſe of artificial gems 


annexed thereto. 


yield a ſalt fit for glaſs, e. gr. alga, or ſea- 

wrack, the common way-thiſtle, bramble, 

Hops, wormwood, woad, tobacco, fern, and 

25 whole leguminous tribe, as peaſe, beans, 
C. 


The ſand, or flones, called by the artiſts 
Tarſo, is the ſecond ingredient in glaſs z and 
that which gives it the body and firmneſs. 
Theſe ſtones, Agricola obſerves, muſt be ſuch 
as will fuſe ; of theſe, ſuch as are white 
and tranſparent, are the beſt : ſo that cryſtals 
challenge the precedency of all others. At 
Venice they chiefly uſe a ſort of pebble, found 
in the river Tens, reſembling white marble, 
and called Cxogolo: indeed Auto. Neri aſſures 
us, that all ſtones which will ſtrike fire with 
a ſteel, are fit to vitrify : but Dr. Merret 
ſhews, that there are ſome exceptions from 
this rule. Flints are admirable, and when 
calcined, 2 and ſearced, make a pufe 
white cryitalline metal; but the expence of 

Eu them, makes the maſters of our 
glaſs-houſes ſparing of their uſe. Where 
proper ſtones cannot be ſo conveniently had, 
and is uſed ; which is to be white, and ſmall, 
and well waſhed before it be applied: ſuch is u- 
ſually found in the mouths and ſides of rivers. 
Our glaſs-houſes are furniſhed with a fine ſand, 
for. cryſtal, from Maidflone, the ſame with 
that uſcd for ſand-boxes, and in ſcouring ; 
and with a coarſer, for green glaſs, from 
RISE lib. of ded 
For cal glaſs, to 200 lib. of tarſo, poun 
ine, 42 ut 130 of ſalt of golverine, mix 
them rogrher, and put them into the calcar, 
a ſort of oven or reverberatory furnace, which 
is firſt well heated. Here they remain, bak- 
ing, ſrying, and calcining for five hours; 
during which .the workman keeps mixing 
them with a rake, to make them incorporate : 
when taken out, the mixture is called fit or 
tollito. 

Note, there are three kinds of Vit: that 
here deſcribed is cryſtal frit: the ſecond, or 
ordinary frit, for the common white, or cry- 
ſtalline metal, is made of the bare aſhes of 
polverine, without extracting the ſalt from 

them. The third, for green glaſs, is made of 


perfection, in a comment 


I2 


common aſhes, without any preparation, and 
a hard ſand above mentioned. 

It may be further obſerved, that glaf 
might be made by immediately melting the 
materials, without thus calcining, and making 
them into frit ; but the operation would be 
much more tedious. 

Now, to proceed to the operation of making 
the glaſs it ſelf; they take of this frit, and ſet 
it in melting-pots in the working furnace ; ad- 
ding, in each pot, a proper quantity of a 
blackiſh ſtone, not unlike load-ſtone, and 
called manganeſe, which ſerves to purge off that 

reeniſh caſt natural to all glaſs, and to make 
it clearer, ahd more azure. While the whole 
is in fuſion, the workman, here called the con 
ciator, in the green-glaſs-houſes the foundry, 
mixes the metal well together, with his /quar: ; 
and with a ladle ſkims off the ſand, over which 
is a whitiſh ſalt, call'd ſandiver, continually 
caſt op from the metal, and ſwimming on its 
ſurface ; which is always in the greater quan- 
tity, as the polverine was weaker ; and which, 
unleſs well purg'd off, would make the glaſs 
brittle, and unht for working. 

When the vitrefaction is compleated, and 
the metal found ſufficiently clear, and fine; 
they proceed to form it into the works required: 
in order to this, the operator dips a hollow iron 
into the melting pot, turns it about, and takes 
out enough for bs veſſel or work it is intended 


for ; the metal ſticking to the iron, like ſome it 
lutinous or viſcid juice. While tis yet red- pe 
he. he rolls it to and fro on a marble, to u- 0 


nite its parts more firmly: then gently blow- 
ing into the iron, he raiſes or ſwells the metal, 
ju 


as in blowing into a bladder, This blow- an 
ing he repeats again and again, till he has at. m. 
tained the deſtin d bulk ; then — it a- x. 
bout his head, he lengthens, and cools the gl: 


laſs; and, if the defign require it, moulds ane 
it in the ſtamp irons, and flats the bottom, by 
preſſing it on the marble: and thus delivers i 
to the maſter-workman, who breaking off 
collet, by which it adhered to the blowing 
iron, proceeds, as occaſion requires, to faſhion 
it further; e. gr. if it be for a rm ang 
with his gontegl' he ſticks the glaſs, 15 
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12. There is another ſpecies of glaſs ccatriv'd by chemiſtry, which, the? 
tranſſ t, is at the ſame time A. with a beautiful colour, ſo as al- 
moſt to equal the brighteſt native gems. It is made of the pureſt and moſt 
perfect glaſs; intimately penetrated, and embodied with metals; which thus 


18g 


it; with his paſſage makes the bowl; with his 
cello widens and makes it hollower; then 
with his ſheers cuts off what is ſuperfluous, 
Thus with blowing, preſſing, ſcalding, (which 
are to be repeated as oft as the glaſs cools,) 
| amplifying, cutting, &c. the work 1s brought 
| to the form intended ; and, if need be, feet 
and handles are faſtened on ; and rigarines and 
marblings wrought. 

& AR as the maſter finiſhes them, another 
takes them up with an iron fork, and places 
them in a tower, over the melting-furnace, to 
anneal: into this tower, there is a hole, by 
which the heat and flame are received from 
the furnace; and after the glaſſes have ſtood 
here ſome time, they are put into iron pans 
calbd aches, which by degrees are drawn, 
by the /aro/e-man, further off, along an a 

pendage of the tower called the leer, five or 2 
yards along, that they may cool by degrees: 
when they are arrived at the end of the leer, 
2 quite cold, and thus taken out, fit 

e®, 


(4) Tho' cryfal, in not being fuſible, be- 
comes unſuſceptible of dyes, or tinctures in 
ſubſtance ; yet the induſtry of the chemiſts has 
found means of making it ſerve for the baſis 
of precious ſtones, with all the advantages of 


colour. Tho' we cannot fuſe it; we can calcine, 
ud make frit of it. 


The art of imitating precious flones in glaſs, 
| 15 too Curious and 2, be A 
over without further notice ; ſome of the lead- 
ing compoſitions therein, we ſhall briefly 


Ss 5 WW co» ws wow” 


l- Pant out, on the authority of the never · e- 
p- We nough 3 be commended Neri. 

" de make a ſea-preen plaſ;; take cryſtal frit, 
i, "RE without allowi : it — - — — je 
„ uad when clear, a falt wilt be found fwim- 
B Kia y- in form of an oil, which is to be 
a” | I 07 off, as long as any riſes. When the 
he glass is perfectiy clarified, mix calcined brafs, 
Ids and zafier; and add the mixture to the melted 
by crystal. Let the Whole ſtand three hours, 
P\ 1 = the colour may incorporate with the me- 
1 2 — — chem again cake a 
5 2 eighten or take down the 


F tall an emeraid-colour"d glaſs, uſe cry- 


 Cidonys, ja 


that has had no manganeſe, paſs 
® Antonio Neri d. Arte Vitraria, and Dr. Mevret's notes on the ſame. 


communicate to it a durable luſtre : in effect, there is ſcarce any Im. or ſtone, 
valuable for its colour, but may be imitated in glaſs prepared 
ner (d). If the art of glaſs-making ſhould once arrive at ſuch a perfection, as 


ter this man- 


that 


it thro' water once or twice, to get out all the 
ſalt; add half the quantity of common white 
metal made of polverine ; and when the mix- 
ture is well purified, add braſs thrice calcined, 
and crocus martis calcined with brimſtone, and 
reverberated : if any blueneſs remain, add 
more of the crocus.—For a turcois-colourd 
ga, evaporate all the moiſture from ſea-ſalt, 
til 25 ** 7 then — it: this 
r add, by , to a ſea-green cryſtal 
— mentioned "Wore, chining 2 
ther, till the ſea- green loſe its tranſparency, 
and become opake ; which is the effect of the 
ſalt, now vitrified. Upon this, a little pale- 
neſs ariſes, and by degrees the ſky-blue, which 
is the colour of a tutcois- ſtone.— Jo make cal- 
rs, and agats, in glaſs; diſſolve 
ſilver in fortis, and alſo mercury in Aqua 
fortis ; mix the ſolutions in a glaſs body, and 
to the mixture add ſal-ammoniac ; when diſ- 
ſolved, add zaffer, manganeſe, ferretto, crocus 
martis, thrice calcined copper, blue ſmalt, 
and red lead, all in powder ; keep the 
ſtopp'd ten days, ftirring it daily: then ſet it 
in a ſand —_ in IS hours the 
| T be eva d, ving a POW- 
TG Laſtly, take very jm... metal, 
made of broken pieces of cryſtal, and eryſtal- 
line veſſels, and white glaſs that has been uſed : 
to twenty pound of this add two ounces and a 
half of the powder ; mix, and incorporate 
them, and let them ſtand in the fire twenty- 
four hours; u this, when wn cold, 
waves and cl of beautiful colours will be- 


gin to appear. Add, tartar, vitrified ſoot, and 


crocus martis, calcined with brimftone, all 
and mix'd, to the compoſition : 
it boil, and ſettle twenty-four hours; and 


make a glaſs body of it, which put in the fur- 


nace again and in, till there a 
— — ſhades of blue, red, .. 
ellow, and all other colours; in which ſtate 
ny to be wrought into variegated veſ- 
ſels, Ec. | 
To make a gold-ye/haw in glaſi, mix cryſtal 
frit with common glaſs frit, and to the mixture 
add tartar beaten and fearced, and manganeſe ; 
ace them in a furnace four days, with an or- 
— fire; when ſufficiently purified, and co- 
B b | toured, 
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that by means of fire, we might be able to make glaſs once and a half heavier 


Vith they may tinge their glaſs, by mixing them with it when in fuſion ; s 
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than at preſent ; we ſhould then, with the aſſiſtance of metals, make arti. 
ficial gems equally bright and beautiful as the natural ones: fince by how 
much the — ang matter is more denſe and ſolid, the more lively and 
glittering will the metal appear thro” it. But as art has not yet diſcovered 
any ſuch method of giving denſity to glaſs ; the matter of factitious gems is 
too porous and rare; and thus produces a weaker and more languiſhing re. 
flection of the rays; which renders them inferior to the native kind. Some 
have endeavoured to increaſe the weight of glaſs by adding lead to it; but 
this at the ſame time increaſes its ſoftneſs. There is therefore ill ground for 
thoſe who purſue chemical enquiries, to endeavour at a method of condenſing 
the ſubſtance of glaſs; which will amply reward them for their pains (e) 

13. Another thing required to the perfection of the art of making arti 
genf game is, that they may be able to render their glaſs ſo hard and rigid, 
as that it may loſe nothing of its poliſh and luſtre, by the frequent attrition 
it will be ſubje& to'in wearing ; but like the na precious ſtones remain 
L ible and: unchanged, | | 

14. y, having rendered their matter thus ponderous and hard, they 
muſt impregnate it by the fire with a rich tincture of metals, and thus ſhape, 
or figure it into PrP of many fides; by which means they may be ableto 
excel nature, both in the magnitude and variety of their gems; fince they 
have a great ſtock of colours which may be diverſified almoſt to infinity; when 


loured, work it.— For a granat colour ; to cry- e eee 
ftal, and common frit mix' d, add m red ; and work it ſpeedily, leſt it loſe it o 
and zaffer j put them in a pot, and them lour. 
in the furnace twenty-four hours.—For az (e) It is. no inconſiderable improvement of 
amet, colour ; to cryſtal frit add manganeſe the art of imitating gems in glaſs, to make 
and zaffer, as. before.——For a colour ; ule of glaſs of lead ; the ſtones produced here 
either to common or cryſtal frit, zaffer and 2 exceeding thoſe of common 
z mix and melt them in the furnace, + $,. ar even of cryſtal, in point of colour. 
well-colour'd, work it — far a-black To prepare this glaſs, the lead is firlt fuſe 
z to cryſtal and common frit, add calx and calcined in a kiln ; then re-calcined by : 
lead and tin; mix, and ſet. them in the fur- reverberatory fire ;. and laſtly, polverine dt 
: when the metal. is melted, and pure, rochetta frit being mixed therewith, and tit 
powder of calcined ſteel, and ſcales of iron: whole ſet in the furnace for ten hours, 1 
boiling with the mixture, let them ſtand call ont ine0; wager, and the: glaſs pans 
e lead. 
frit add calcined tin, and manganeſe ; This may be blown or work'd 10 
veſlels, . the uſual manner. —It become 
of an emerald colour, by the addition of po 
| verine frit to purify it, and braſs thrice al 
add more of the tin. For a. marble co- cined, and crocus tis. made with vineg” 
i i incorporated therewith.— A topaz calur, U 
uſing cryſtal frit inſtead of polverine frit, ui 
n, adding half the quantiages —— 
. granate colour, y adding t, 
neſe, and zaffer,—A: eeld colour, by _ 
Hal frit, braſs thrice calcined, and ca 
rti;.——Colour of lapis lazuli; by adding the 
ſnow-white glaſs- above-mgntioned, with te 
Painters blue ſmalt . . 
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The Theory of CnruisTay. 


{mearing them on the ſurface of the glaſs, and making them penetrate by 
2 if the ancient art ſhould ever be 22 * 
15. Theſe three ſure and ſolid foundations fo making artificial gems are 


furniſhed by chemiſtry alone; which will likewiſe afford daily occaſions of 
making further improvement- in this noble manufacture. But as the artiſts 
have hitherto in vain attempted to give this denſity and hardneſs to the mat- 
ter of glaſs ; others have — bethought themſelves to take pure and 
— rock · cryſtal, and try whether to the weight and hardneſs which it has 
nature, fo as to enable it to cut glaſs; they could not make it ſuf 1 
of metalline colours, yet without detriment to its tranſparency, and the 
brightneſs of its poliſh. This might be effected with ſome ſucceſs by. hank 
the cryſtals red-hot, and then extinguiſhing them in colour'd fluids ; but that 
this method diſpoſes them to erack and flaw (. Others have attem 
the like by cem — —— and 
carry d upwards by etrate the ſubſtance of the cryſtal. Laſtly, 
it may not be impoſſible to find ſome matter richly impregnated with a metal- 
line colour, dh be laid thin over the eryſtal, may by force of fire be 
driven into the bod it a beautiful dye. In ſine, from the 
— to-Fllow, that # there ere be any good to be i 
elegant art, it is from chemiſtry we muſt expe it. Non do I fee on 
other art can contribute any thing hereto (gj. q 29 3% — 


o P 7 , 
IL. LOLG 9 FCOFLE YO on ODT e enn Cook 5! 


) See Boyle of Gems, pag, 19, 44- e found in France, of ſome ſtead in ſar- 
) M. i Com mig dle, the des great expence of the former. ers 
application 07 th re laſs to the copying e proceſs is thus; the French 

engraven flones, and g figures or im- wol, paſs it through a hair-fieye : ſcrape 
preſſions thereof, equally beautiful with the the tripoli of Venice very fine with a knife or 
originals. He even aſfüres us, that he made — of glaſs ; paſs it thro” a fine filk-fieve, 


copies this way from a great number of ſuch it in a glaſs mortar, wich a peſtle 
ones, furniſhed him by the Dutcheſs, of Or- = We. 
leans, in ſuch perfection, that ſome of the roceed now to moiſten the French tripoli 


molt experienced, perſons took them for an- with water, till it may be made into a _ 
tique, ſqueezing it between the-fingers 5 
22 The whole method conſiſts in moulding with TH a little flat crucible, reſſiog 5 emaly 
5 ſtone in a fine earth, and im- into the ſame: ri dry powder 
rinting therein a piece of glaſs half melted of the Venice tri & over it; and” on this lay 
the fire, in ſuch manner, as that the fi- the ſtone i ed to be moulded: 2 
— of the ſtone — ee oo ſtrongly into the ſame with the 2 
Hie cer , __ ttivg down. the pi 
; he chief difficult be, in \ finding an — * letting it remain a w. 1 * the m ie moiture of or 
ne enough to take th re, and yer that the French tri 15 4 ian: 
not melt, mix, kick. to, and incorpo-' turn the ee upon which 
2 — the melted glaſs, which itſelf is little the ſtone — 5 eaving its impreſſion be 
- we ut a ſort of earth. The character of hind. 
earth mult be, chat it bave as little ſalt The crucible having now\ſtood till perſely 
2 ; fat dipo poſing it more eafily to ſu- dry, take a piece of glaſs of any colour at 


— 7 yy lealt ſaline, and that which he intended. aud expoſe it in a furnace, till it be · 


for the purpoſe, was; a. fort of to ſhine, which ſhews. it ſufficiently ſoft- 

i pale * — li e apr) gin for t hy wh NE this, oy 
g Sla laſſes, and diately it wi r iron 

* Bo S. Baſes is Tie A coarſer cavity o aw ng ſoon as it has 


D. as «nk * 


he earths whereof M. Homberg pleaſure, and of a ſize anſwerable.to the work 


187 


188 
Metallurgy. 


The Theory of CunMisTay. 
156. The art of metals has ſo near a dependance on chemiſtry, that it ſeemg 
to claim it as its own. I do not here mean the art which pretends to be em. 
ploy d in the making, and tranſmuting metals; concerning which, I ſhall 
give my real thoughts, when I come to ſpeak of the uſe of chemiſtry in al. 
chemy; but I mean the art which teaches how to prepare and fit metals for 
human uſes, or even ornaments. - Gold is frequently too pale on many ac. 
counts, wanting its fine yellow colour, which muſt be raiſed by a chemical 
cement, or by Kepnizs of antimony, as is now practiſed in Holland; where the 


gold pieces are brighter than elſewhere, owing to the peculiar skill of the 


mint- m aſter. 


17. The ſame metal, if it be pure, is too ſoft for the uſes of coinage ; and 


be brought to a due — by a mixture chiefly of copper and (i. 
ver. The like may be ſaid of ſilver, which is too ſoft and ductile for com- 
mon uſe, and needs a proper addition of copper, to fit it both for coinage and 
family ſervice We need not mention that by a mixture of copper — cala 
mine, a metal is made vying with gold in brightneſs: nor princes metal, or 
the metal denominated from prince Rupert; which is made of braſs and zink; 
and which being gilt, equals in brightneſs the faireſt gold. So the valuable and 
beautiful art of yilding and ſilvering the baſer metals, is the work of chemiſtry, 
From which few inſtances it will be eaſy to infer, what a multitude of othei 
other effects _ be produced; if a ſleilful chemiſt were to employ his an 
in the mixing of metals. 

18. Nor does medicine reject the uſe of cups which give a medicinal virtu 
to the wine pour d into them; as has long ago been found in the Regulus of 
antimony tempered with other metals. Tis pity Helmont ſhould have de- 
prived the diſeaſed of the benefit they might have received from a metalline 
matter he talks of; a ring of which wore for the ſpace of a few minutes, re- 
moved all pain of the hæmorrhoids, either nber external; at the ſame 
time calming hyſteric fits and ſpaſmodic diſorders (H). It may be worth while 
to make experiments with this view ; there being frequently a hidden virtue 
in ſuch compounds, and no great danger in making trials. 

19. Again, metallurgy, which is employed in judging and diſtinguiſhing the 
foſſil ores found in mineral veins, and preparing them into proper and pur 
metals, depends altogether on the art of chemiſtry ; which may appear 
from hence, that chemiſtry chiefly owes its riſe to thefe occaſions, and has in 
later times produced many improvements in the art of metals. They who 
have carefully read George Agricola, Lazarus Erker, J. Rudolph Glauber, 
and others who chiefly copied after them, will need no proof hereof ; for 
ſuch as have not, I ſhall ſubjoin a few inſtances. | 


20, 


taken the impreſſion, ſet the crucible in a wax; or ſulphur, and pare off all that is fi 
wem place in a furnace, that the glaſs perfluous on the edges; mould this waxen m. 


cold, 
| cool by degrees, without cracking: when cold, preſſion in a crucible of 2ripoli, in the fame 


it is taken out of the crucible, compleat. manner as if it were a ſtone; and take i 
To copy a ſtone in creux, that is imboſs'd impreſfion thereof in a piece of glaſs, as aboie 
or wrought in relir wo; or to copy in relieve taught “. 
a ſtone wrought in cyeux, proceed thus: (5) See his Works, p. 745. $- 39. 
Take the impreffion of the in ſealing- | 
® Mem. de F Acad. an. 1716. 
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20. Thoſe converſant in chemiſtry know, that a matter is eaſily p 
which being mixed with gold, filver, or other metals, immediately renders 
them all volatile, ſo that with a gentle fire they may be driven over in 
glaſs veſſels, or drawn by the retort: Nor is it leſs certain that amon 
the ores of metals, certain bodies are often found which exhale an 
diſſipate the mineral matter, when expoſed to the fire, in order for fuſion, to 
the great loſs of the miners. In effect, a pernicious conſuming ſulphur is fre- 
quently found adhering to gold, which has waſted many thouſand. pounds of 
that metal, even while only expoſed to torrefy by the fire. But the chemiſts 
have found a method of fixing, in a moment, all theſe volatile ores, and mak- 
in them endure the moſt violent fire; ſo as that they may be fuſed, and hereby 
ſeparated from the reſt. *Tis known, alfo, that Regulus of antimony, mixed 
with double the quantity of corroſive ſublimate, will become by a moderate 
degree of fire, an unctuous ſubftance, extremely volatile ; and the ſame, by 
a gentle warmth, will emit poiſonous fumes ; and by the repeated action of 
the fire, turn into a limpid oil, which ſmoaks ſpontaneouſly. What is ftill 
more ſurprizing, a pound of this oil being poured on the like quantity of fair 
water; the effect is, that it immediately turns white, and precipitates a white 
metallic calx of antimony, which will ſuſtain. ſuch a degree of fire, as that it 
may be melted into a mals like filver; being the beſt Regulus of antimony that 
can be made. 

21. By this experiment we are inſtructed, to pour water on the volatile 
ores, and obſerve whether by this means, they do not yield more metal than 
otherwiſe. The addition of iron likewiſe at the time of calcination, will fre- 
quently abſorb the ſulphur, ſo as to prevent its carrying off the metalline 
matter. Fix'd alkaline ſalts have likewife been found beneficial for ſubduing 
and reſolving ſulphurs, or acids, which being mix*d with the metalline mat- 
ter, made it exhale by the fire. The rich filver mines of Peru are infeſted: 
with a malignant unctuous matter, which occaſions the metalline ſubſtance, on 
the application of fire, to fly off; by which means the greateſt part of the fil- 
ver was formerly loſt; but ſince, the chemiſts have taught them to torrefy 
the ore, by expoſing it to a gentle heat ſlowly applied, and then breaking it 
to pieces, to grind it with quickſilver, waſh it in a proper manner with 
water, and laſtly, reduce the pieces into a maſs, by expelling the mercury 
which had drawn and united this to it ſelf, ſcarce a grain is any longer loſt 3 
and thus are immenſe treaſures ſaved. How have the - miners and aſſayers 


lamented the difficulty of extracting the pure ſilver from tin mix'd with it; 


but ſince chemiſtry has ſhewn the way of evaporating the tin, by the admix- 
ture of melted copper, the filver is now eaſily procured, and without much 
charge ; being found pure in the copal. I could add infinite other inſtanees of 
the benefits accruing to metallurgy from chemiſtry ; but the preſent occaſion 
ne:ther requires nor admits of them. | 
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22. It were indeed to be wiſh'd that our art had been leſs ingenious, in 4-4 of war. 


contriving means deſtructive to mankind z we mean thoſe inſtruments of war, 


moderns, But as men have always been bent on ſeeking each other 


which were unknown to the ancients, and have made ſuch havoc — — 
| s deftruc- 


: 
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tion by continual wars ; and as force, 


when brought againſt us, can only be 


repelled by force the chief ſupport of war, muſt, after money, be now 


ſought in chemiſtry, | 


ag. Reger Bacon, as early as the twelfth century, had found out gun. 
pays! wherewith he imitated thunder and lightning; but that age was ſo 


bappy as not to apply ſo extraordinary: 
End, But two ages afterwards, Bartbal. Schevariæ (i), a German monk and 


a diſcovery to the deſtruction of man- 


chemiſt, happening by ſome accident to diſcover a prodigious power of expand. 
ing in ſome of this powder which had been made for medicinal uſes, ates 

yd, it firſt in an iron barrel, and ſoon after to the military art, and taught 
it the Venetians. The effect is, that the art of war has ſince that time turned 


13 '1 if 


(%) What evidently ſhews the ordinary ac- 


count, of its invention falſe, is, that Schwarts 
is held to have firſt taught it the Yenetians in 
the year 1389; and that they firſt uſed it in 


the war againſt the Genoeſe, in a place an- 


tiently called Foa Caudeana, now Chioggia. 
For we find mention of fire arms much ear- 
lier: Peter. Mefius, in his varia ledjones, re- 
lates, that Alp/on/us XI. king of Caſtile uſed 
mortars againft the Moors, in a frege'in 1348; 
and Don Pedro, biſhop of Leon, in his chro- 


niele, mentions the ſame to have been uſed. 


ye four hundred yearꝭ ago, by the le 
7 | ina fab t againſt the 2 


* the year 1338. 


ear | | 
The compoſition of -powder is' as fol. 
lows': Take fix pound of 1 -petre well ; 


ried, and reduced to powder: one of ſul- 
phur, likewiſe puriſied and Tete and 
at leaſt one of charcoal: put theſe ingredients 
2 mortar, moiſten them — . ſpirit 
wine, vinegar, or urine,, poun 
r hours, remembring to moiſten 
time to time, to prevent the maſs from 


talking fire. This done, ſqueeze it_thro* a 
| this means it wall be formed into 
Uitle grains or globules, which being dried 


eve. By 


are the ER Lend 
e preſcribe, other proportions : 
Semitnotbirz, for mortars direfts 100 pounds 
2 of ſulphur, and as many of 
8 for an gung, Nee r 


king of Seu. Da Cange adds, that there is 
mention made; of this powder in the regiſters. | 
of the chamber of accounts in France, as 


NWCNA 1 $397 tl £101 entirely 
| — ce of making the gun - powder weaker 
for mortars than guns, * any foun- 
dation, and renders the expence needleſly 
much greater ; for, whereas; to load a large 
mortar, 55. papa of common powder is fe- 
quired ; and, conſequently, to load it ten 
times, 240 pound: he ſhews, by calculation, 
that the ſame effect would be had by 180 
und of the ſtrong powder 7 1 

The explofion of gun powder is thus ac- 
counted for by Sir /ſaac Newton + © The 
charcoal and ſulphur eafily taking pre, 
yo rage the nitre, and the, ſpirit of the nitre 
« being thereby rarified into vapour, ruſhes 
„ out with vehemence, much after the ſame 
manner as the vapour of water out of an 
<< zolipile ; the ſulphur alſo being volatile is 
* converted into vapour, and augments the 
« exploſion ; and the acid vapour of the ful- 
« phur, viz. that which diſtils under a bell, 
into oil of ſulphur, entring violently into 
* the fix'd body of the nitre, lets looſe the 


* ſpirit of the nitre, and excites a greater fer. 


© mentation, whereby the heat is further a 
* mented, and the fd body of the nitre 
« ratified ineo fume, and the ple len theredy 
„made more vehement and quick l. 
If falt of tartar be mixed wi gut-po 
der, and that mixture be warm'd till it takes 
< fire ; the exploſion will be more vehement 
and guick than of gun pop, der alone : which 
* can proceed from no other cauſe but the 
action of the vapour of the gun- 
upon the ſalt bf tartat, whereby 
1 n. 0 Mad Dane | 


„ie of fulphur, and 18 of charcoal; This m what thi . call fals, is Halt 
Nad dt. cb pour of falt - mans, ant cg 8 ee, in lou 


petre, g of ſulphur, and 40 of charcoal f. 


nb extols r 

ol ſalt · petre to three ounces. of charcoal, and 
wo, or two and a quarter of ſulphur ; than 
he affirms, no gun- powder can pof- 
. ſtronger.) He adds, that the uſual 


+ Pyratech. Artiller. Prax. Recent. 
% Newt. Opt. p. 317. 6 


wh 
TV 
iin Element. Pyrotech. 
j Opricks, p. 317. 


work, accounts for from the great attractive 
| force, whereby the acid ſpirits: of the ſulphur 
and nitre ruſhing towar bs one another, and 
towar the ſalt f tartar, by the violence of 
the ſhock" turn e Ihe e and 
e ov 63 039 £4 24d ET 


11 B. p. 352, 35% 
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entirely on this one chemical invention; ſo that the feeble boy may now 
kill the ſtouteſt hero: Nor is there any thing, how vaſt and ſolid ſoever, 
can withſtand it. By a thorough acquaintance with the power of this pow- 
der, that intelligent Dutch General Coborn quite alter d the whole art of 
fighting; making ſuch a change in the manner of fortification, that places 
formerly held impregnable, now want defenders. In effect, the power of 
n- powder is ſtill more and more to be fear d. I tremble to mention the 
3 force of another powder, prepar'd of ſulphur, nitre, and burnt 
lees of wine; to ſay nothing of the well-known power of aurum fulminans, 
Some perſon taking a quantity of fragrant oil, chemically procured from ſpices, 
and mixing it with a liquor procured from ſalt- petre, diſcover'd a thing far 
more powerful than gun-powder itſelf; and which ſpontaneouſly kindles and 
burns with great fierceneſs, without any application of fire (t). I ſhall but 
juſt mention a fatal event which lately happen'd in Germany, from an experi- 
ment made with balſam of ſulphur terebinthinated, and confined in a cloſe che- 
mical veſſel, and thus exploded by fire: God grant that mortal men may not 
be ſo ingenious at their own coſt, as to pervert a profitable ſcience any longer 
to ſuch horrible uſes. For this reaſon I forbear to mention feveraFother mat- 
ters far more horrible and deſtructive, than any of thoſe above rehearſed, 
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24. Thoſe anciently called in Mia Magi, were the wiſer men of thoſe times, nur 
as ĩs allow'd _— the learned; nor was the word always uſed in its proper magic. 


ſenſe to denote a ſort of il-diſpoſed operators, dealers in deceit, and ſervants 
of the devil; as may appear from the Magi, or wiſe men, of St. Matthewp (Y, 
who were perſons ſkilful in aſtronomy, and worſhippers of the true God; 
to whom they were alſo acceptable. It may be added, they were m great 
eſteem with princes, and always admitted into their moſt ſecret councils. 
Zoroaſter himſelf, the founder of this ſe&, was a king of Bafria, famous 
for his great 3 of the ſtars; into the motions whereof, and the 


earch, Accordingly, Cicero informs us (#), that the kings of Pena were 


always inſtructed in the magic arts, before they were admitted to govern 


the ftate, He adds (o), that the Magi in Perſa were wiſe and lea men. 
From hence it aroſe, that an ignorant ſet of people, covetous of diſho- 
neſt gain and fame; have endeavour'd to cover their fleights and im 


under the ſpecious name of magic; by which means, their frauds having 


been frequently detected, a ſcandal. has redounded to the name, and magic 


% On this occaſion we cannot omit to ad · A drachm of com fpirit of nitre 
mixe an inſtance of a noble and generous prin- 
ciple, in the late king of Fance, Louis XIV. 
A Roman _ wy oli, having diſcovered: 
of this kind, of prodigious effect, 
came to Fraxce in 1702, on — to make 
an offer of it to prince; who, tho' he deep + 
was then going to be engaged in a war againſt: (/)  Matrh. ii. 
2 powerful z yet voluntarily re- ( Jain. I. i. 
tages of ſuch a ſecret; (») De Divinat. I. gt, 
e inventor, but en- 0 57. 


mediatel 


made a flaſh like gun · poder, 
and b 


the exhanſted receiver, which was 


+ : Newt. Ost. 5 


things, he is ſaid by Juſtin (m) to have made a ſtrict 


poſtures 


being poured on half a drachm of oil of 
caraway ſeeds in warmoy the mixture im- 


a glaſs fix inches wide, and eight inches + 
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thus become exploded, after the ſame manner as mathematics have unjuſtly 
been. The true Magi, by a cloſe purſuit of nature, diſcover'd things which the 
creator had deſignedly laid deep, as a reward for labour and induſtry ; whence 
they appear'd, to the vulgar, as indued with a kind of ſupernatural know. 
ledge, and were accordingly ſuppoſed to hold intelligence with dæmons, 
and to receive their chief notices from them. Hence they were venerated 
rather out of fear than love; eſpecially as an opinion had prevailed in all 
ages of the world, that there are both good dæmons and bad, who, being 
intimately ſkilled in natural things, were induced either out of love, or ha- 
tred to mankind, to make uſe of their knowledge to gain men to them, 
either to ſave or ruin them. Whether the opinion were true or falſe, I ſhall 
not here enquire. The powers, inſtruments, and other virtues and riches 
of nature, as ſettled by the creator, are many of them unknown; but by 
thoſe we do know, we may be inclin'd to believe, that there ſhall infinite 
things be clearly reveal'd to mankind, of which there is not now the leaſt 
appearance. Who knows but there may be beings able to ſee. further into 
things than the wiſeſt of men have hitherto done? Who knows but ſuch 
ſpirits may have a perception of bodies, underſtand their powers, ſee the 
order of cauſes, view preſent things, foreſee future things, and know paſt 
ones, even without the aſſiſtance of bodily organs? It is no abſurdity to 
ſuppoſe, that ſuch ſpirits might infuſe their thoughts into the minds of 
men; fince, in reality, we are as much unacquainted with the connection 
and mutual intercourſe between thinking beings, as with the numbers and 
different ſpecies of beings endowed with * will, and paſſions, 
Nor do we ſo much as know the true reaſon, why a moving body commu- 
nicates motion to another, which it happens to ſtrike againſt, Who will 
venture to deny the exiſtence of a light incorporeal kind of beings fleeting 
among us, when we ſee ſpectres emerge out of a concave mirrour, and ſub- 
fiſt in the liquid air fo clearly, as that tho' acquainted with the thing, we are 
half terrified at the fight, to find an empty impalpable image, exhibit ſuch 
dimenſions, magnitude, and vivid colours, with whatever elſe is diſcoven- 
ble in a ſolid body? And as our bodies have a mind united with them, by 
means whereof they ſee external things, why may not this fleeting ſpeci 

be alſo united with ſouls, and thus enabled to move, penetrate, _= 7 
things? Whether the caſe be thus, or not, I do not affirm ; perhaps here- 
after we may be allow'd to know, In the mean while I neither aſſert, nor 
deny, that men by the aſſiſtance of dæmons may have known, or done 
3 beyond what could have been by any natural powers. It muſt be 
highly vain and temerarious in us who ſcarce know any thing, to decide on 
things utterly unknown : all which I do not repeat, as if I would perſuade 
perſons into a belief of old women's fables, the empty fictions of idle people, 
or the fooliſh imaginations of the credulous. I am too ſenſible that thele 
matters are rarely credited by the wiſe, commonly by the ignorant, and 
are ſo much the leſs regarded, by how much we are the more prudent 
and cautious not to be impoſed upon. In effect, the true Magi never pre- 
tended they could foretell things to come; diſcover things hidden; raiſe 
or fix the paſſions on any object of pleaſure ; keep off harms ; * 
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cate virtue; create, remove, or ſooth diſeaſes, by means of numbers, words, 
ſigns, figures, inarticulate murmurs, verſes, images, looks, or injections ; 
change themſelves or others into other ſhapes ; render any perſon, though 
preſent, inviſible z be convey'd at pleaſure through the air ; walk on the 
water; give life, ſenſs, motion,. voice, and „to things inanimate ; 
raiſe ghoſts, demons, ſhadows, and dead bodies; call, drive away, or bind 
ſpirits z attain to honours ; diſcover treaſures z cauſe their money always to 
return back into their pockets; render their bodies invulnerable ; overcome 
their enemies, or ſtrike them motionleſs at pleaſure 3 command the elements, 
ſo that water or fire ſhall not hurt them; raiſe meteors in the atmoſphere at 
command; tame the fierceſt wild beaſts by a charm z and produce diverting 
ſpectacles at a word ſpeaking : theſe, and the like, we ſay, were not prac- 
tiſed by the Magi; but are pretended to by doating old women, believ'd by 
the ſuperſtitious, and ſometimes framed by the ill · minded, to deceive the im- 
prudent, and bring them to their own purpoſes. Againſt all theſe did that 
excellent author Roger Bacon write with great force, to ſhew the nullity of 
ſuch magic, and even that there never had been ſuch in the world, But on 
the contrary; he ſeriouſly argues there are certain unknown and hidden 


powers lodg'd by the Creator in the nature of things, whereby as wonderful 


events may be produced as had ever been aſcribed to the operations of de- 
vils : That ſuch powers, tis true, are only diſcoverable by the endeavours 
of the moſt diligent and indefatigable enquirers, aſſiſted by rational experi- 
ments purpoſely contrived, who, when they are diſcovered, compare and 
apply them to each other, and thus 2 ſuch things, as, by thoſe who 
are ignorant of theſe powers, are ſuppoſed contrary to the laws of nature, 
and only owing to ſome preternatural power: this genuine knowledge there- 
fore may properly be called natural magic. This I am naw going to recom- 
mend as ufeful to human ſociety, agreeable to the intelligent, and proper to 
diſplay the glory of the Creator by the wonderfulneſs of his Works; with 
which view I rehearſe a few inſtances of the art derived from che- 


miſtry. 


25. If any reputable author, ten centuries ago, had written that in his time a 
man publickly declared, before a multitude of witneſſes, that a huge tower 
a few miles diſtant, would at a certain point of time riſe up of its own accord, 
and immediately afterwards tumble into ruins; and that this accordingly 


& happen'd, as he had foretold ; would not all who read the account take it 


for a mere fable, or the effect of ſome ſupernatural power; and therefore 
denounce it, either owing to the intervention. of the deity or the devil? 
Yet if only ſome one man had been acquainted with the power of gun- 


: | Powder, and had repoſited a competent quantity of it under the foundations 


of the tower, as is now ſometimes practiſed, and had fo diſpoſed a clock, 
as that at the prefixed point of time it ſhould cauſe a flint to ſtrike on a ſteel, 
the ſparks whereof might fall upon the powder; he would have wrought 
2 miracle, which might have not only im 
world, but even have moved the faith of 
might afterwards have induced them to any thing. 
"ave been but fools to a man polleſſed of ſuch a ſecret. But after 
| c | | 


e moſt knowing; ſo that he 
Mabomet or Haly would 
ſecret 


ſed on the credulity of the 
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is once known, the wonder ceaſeth, and we all allow that feafible by natu- 


_ anew, which occaſio „ a new outcry : his tutor hereupon feigning him 
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ral means, which before we held to ſurpaſs any miracle of magic related in 
hiſtory. Not that even the moſt intelligent in our days, can ſee into the 
cauſe of ſo extraordinary an effect; but we falſely imagine, that we under. 
ſtand, and are maſters of things, which we frequently find to happen. 

26, We may be able to foretell, that at a certain hour an — ſhall be 
felt in a neighbouring ſpot of land; from whence a thick ſmoak ſhall af. 
cend into the air, followed at laſt by eruptions of fire and flames. The 
hearers probably will laugh at the prediction; but how will they be con- 
founded ſoon after, when the effect follows exactly as foretold ? Taking a 
quantity of freſh iron filings, mixing it with an equal quantity of pure ſulphur, 
working it with a little water into a paſte ; and laying fifty pound weight 
thereof in a hole dug under ground, a foot and half deep; covering the 
whole again with earth well ramm'd down: it will appear to our great aſto. 
niſhment, that ſuch unpromiſing ingredients, as cold iron, and water, and 
unactive ſulphur, will without other application, produce hea', ſmoke, fire, 
and flame, and ſhake the neighbouring ground (p). 

27. We are told that the governor of a certain noble youth having endes 


vour'd by all his ions, but to no purpoſe, to reform the diſſolute 


manners of his pupil, whereby he diſgrac d his birth and anceſtors ; de- 


anf of doing any good, he had recourſe to a chemical 1 —1 — which 
cceeded to his wiſh. As the graceleſs youth lay aſleep in the cham- 
ber with his governor, the latter roſe privately in the middle of the night, 
and upon a board within the bed-teſter, near the feet of the perſon aſleep, 
wrote his name in large letters with the Exgliſb phoſphorus, adding three 
other words to admoniſh him to repent or expect preſent death, This 
done, he retires quietly to bed, an 2 a noiſe ſoon after wakes the 
youth, but ſeems himſelf all the while faſt aſleep ; the other, ſtartled with 
the noiſe, rears himſelf in his bed, and anxiouſly calls out to know the 
cauſe of the diſturbance, to which he received no anſwer but feigned ſnoars; 
till, looking about, he. ſees, with the utmoſt horror, the blue blazing let- 
ters; upon which he calls his companion, and ſhows him the 1 K 
proteſting that he could ſee nothing, help'd to increaſe his fright. ts 
were then called to bring candles, upon the appearance whereof the letters 
difappear'd ; they too denying that they ſaw any thing, he at laſt ws 
ſurprized to find the writing vaniſhed. The ſervants quit the room, _ 
a candle which ſhone upon the board; the tutor ſtaying with his frigh 

diſciple, perſuaded him to go to ſleep, aſcribing what had paſſed to a dream; 
and returning himſelf to bed, = out the light: but the poor youth 10 
Tooner caſt his eyes towards the fatal place, than the ſame letters * 


affrighted, owns with trembling that he ſaw the letters, and takes that opp 
tunity to adviſe his ward to obey the miracle, and repent in earneſt : th" 
. | bringing 

4 This Sir I Nezutex ſolves on the prin- © little water, made into a paſte, acts upon 3 
ciple of attraction, which occaſions that even ' © iron, and in five or fix hours grows too 
ide groſs body of ſulphur -powder'd, and * hot to be touch'd, and exits a flame.” Of 
with an equal weight of iron-filings, anda p.354. 
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bringing in candles afreſh, removes him into another room, fits up with 
him the reſt of the night, and thus reclaims him. If this be really true, as 
I have frequently heard it related, it is an inſtance of natural magic borrow'd 
from chemiſtry ; if it be only fictitious, yet all who converſe in the art muſt 


allow that the ſame might be done by phoſphorus If the phoſphorus 
abovemention'd be duly mix'd and diluted with ſome ſoft oil, fo that it 
may be ſmear'd over the ſkin of a man's body without burning it; then 
upon waſhing the face with ſome of this oil, it will ſhine in the dark to the 
amazement of the beholders : yet as ſoon as light is brought into the place, 
the ſpectacle 1 but taking away the light again, the face will be- 
come luminous as before; than which ſcarce any thing can be ſeen more 
ſurprizing. The face, hands, hair, beard of a man thus anointed, appear- 
ing to thoſe unacquainted with the thing, as I know not how angelical, or 
divine; this is a ſufficient foundation for drawing the croud into a perſua- 
fion of any thing. | 
28. I muſt not forget an experiment which has often been publickly made, 
viz. that two cold liquors, upon mixing them together, immediately yield 
an intenſe heat, and burſt out into a real and beautiful flame. This ſucceeds 
even at mid-day, to the amazement of the by-ſtanders ; but much more 
ſo in the dark, when the thick ſmoak, mixing with the dazling light of the 
flames, gives the whole a terrible appearance. I ſcarce know of any thing 
among the magic wonders related by hiſtorians, ſo ſurprizing as this expe- 
riment z, and yet the whole is performed by only taking two drachms of the 
one, and one of the other. It ſeveral pounds were uſed of each, an im- 
menſe ſmoak and vehement flame would ariſe, which reſiſting all confine- 
ment, would ſeize and burn every thing inextinguiſhably z and immediately 
kill all that were near. Yet there is nothing more wonderful in this, than 
that if the mixture be made in an exhauſted receiver, it will act with fo 
much the more violence, and in a moment's time burſt every thing, and 
fly about with a force than that of a whirlwind. This would be a 
very different fire from that raiſed by Medea on Creuſe's head; ſince by this 
means a whole palace might be foon flung down, and burnt at once. Whoever 
card of ſuch terrible effects produced by magic power, as thoſe which ariſe 
from balſam of ſulphur terebinthinated, confined in a glaſs, and agitated by 
2 fierce fire : it goes off with a loud crack, burſts the glaſs, and produces 
other ſuch extraordinary effects, that among all the ſtrange accounts I hav 
met with of thunder and lightning, I don't remember any that may matct 
it? An account of this Hoffman has given us (); and in him you will meet 
with inftances of things, that would have ſeem'd impoſſible in nature. He 
allo relates an extraordinary event from ſpirit of wine, which a cooper had 
© 1 a ſtrong wooden caſk with lighted ſulphur, and immediately well 
P'd ; upon which follow d a diſploſion of the veſſel, with other effects 
almoſt incredible. Again, how oft by the chemilt's art have all kinds of 
colours been in a ſmall ſpace of time produced, deſtroyed, regenerated, and 
in a clear glaſs; after a manner perfectly ſurprizing, and ſeemingly 
beyond the power of magic, to roy” ot are unacquainted in ſuch matters, 
C+2 | 29, 
) See Fre, Horna OB a: Phyſce- chymic. Lis. iii. Ob rw. 15, 
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209. But there is no end of thefe things; and it may ſuffice to have given 
thel: few inſtances of the uſe of chemiſtry in natural magic. Give me 
leave to add a few reflections which occur on this matter. Mankind are 
ſo form'd by the Creator, as that when grown up, and eſpecially if in a tate 
of health, they. have a power of perceiving certain changes and properties of 
the bodies around them, by means of organs contrived in their own frame; 
which undergoing ſome changes from external bodies, raiſe ideas thereof in 
the underſtanding, though after a manner little known. The firſt time 
ſuch obſervation is made in a man's life, it fills him with wonder and a- 
mazement, ſtriking him uſually with an intenſe pleaſure, and ſometimes 
even diſordering and unhinging his natural reaſon. A perſon who from 
his childhood had been quite blind by two cataracts, being happily couch'd 
for the ſame by a ſkilful operator, and thus N in one moment to his 
fight, was ſo ſmit with the exquiſite pleaſure he felt upon viewing external 
objects, that, according to Mr. Boyle's relation, he was on the point of 
ſwooning; which oblig'd them to tie up his eyes, and bring him to the 
light by flow degrees, admitting only a little at a time; by which be 
coming gradually accuſtomed to the thing, he was no longer affected as at 
firſt, So the author of nature has taken care that the eyes of new-born 
infants have always their aqueous humour turbid, which grows tranſparent 
by degrees: the ſame has wiſely ſtopt the external orifice of the meatus aus 
ditorius of infants with a kind of callous membrane, which ſeparates the 
curved length from the duct, whereby ſounds are ſo much augmented ; leſt 
the firſt noiſes ſhould prove hurtful to them; but as they grow accuſtomed 
thereto, the thick cover falls off, and the ſtentorian tube is left in perfection, 
by reaſon a ſtronger ſound: may then be ſafely born. Hence appears the 
abſurdity, upon the birth of princes, of expoſing their tender organs to the 
light of a multitude of tapers, and diſcompoſing them with the loud dif- 
charge of cannon around them. Let theſe be either omitted, or defer'd to 
ſome after time. But to return; *tis well known how differently we are 
affected by uſual things fròm thoſe which are unuſual ;. by which means we 
are led into an opinion that we know the cauſes of the former, which 1s an 
utter deluſion owing to cuſtom ; but the latter generally appear miraculous, 
and we can hardly be induced to believe them owing to natural cauſes. 
When therefore any uſual appearances occur, how little ſoever known by 
their cauſes, we make no difficulty of calling them natural things; but when 
other appearances turn up, to which we are utter ſtrangers, we immediately 
proclaim them beyond, or above the power of nature. As often therefore a 
any phyſical phenomena ariſe not from thoſe powers of nature which obtain in the 
Bodies we are daily converſant among, but which are peculiar to ſome certain 
ones, Which we had never obſerved before, we immediately ſuſpe& ſomething 
of magic concern d. A great general, the Count de Furftenbourg, going into 
an artificer's ſhop, where a perfon was filing metals to make tools; by which 
a mixture was produced of iron filings with braſs ones; aſk'd the work. 
man in a jocoſe way, what he would have to make a perfect ſeparation of 
the particles of brafs from thoſe of the iron. A trifle, anſwers the work- 


man; who hereupon applying a loadſtone, the iron particles flew Lo A 
; | N 
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leaving the braſs ones behind it. The count immediately cried out magic, 
having never ſeen nor heard of any thing like it before ; though otherwiſe 
a great ſoldier, and an able commander (r). | | 
30. The like we are all forward to do upon ſeeing any unuſual change in 
bodies, depending on ſome innate powers, which only ſhow themſelves 
when the bodies are prepared after ſome peculiar manner, either by art or 
chance. Of this it will be eaſy to produce inftances. The cold ſalt of nitre 
well dried, and mix'd with half the quantity of pure oil of vitriol, and driven 
over by force of fire into a dry glaſs receiver, appears in form of a ruddy, 
volatile, fiery, acid, ſpirit, and becomes a liquor, which neither nature, nor 
art, produces after any other. manner, except this invented by Glauber.— 
Divers vegetables, which were produced in the hotteſt climates, being ex- 
tremely aromatic and acrimonious, yet if they be well boiPd with fair wa- 
ter, and the vapour kept in by a proper head, and cooPd by paſſing thro? a 
tin worm, fix d in a veſſel 415 with cold water; will come out in form of 
water, and yield an oil, which ſubſiding by its weight under water, per- 
fectly contains the virtues of the plant it was drawn from: and this is the 
only way of producing ſuch liquor. We have here therefore two factitious 
liquids, both cold; to one of which, viz. the oil, if to one part you pour 
twice as much of the other, viz. the ſpirit above-deſcrib'd, a great ebulli- 
tion will immediately ariſe, and the mixture will emit flames, which burn 
every thing (s). | 

31. Thus we ſee an effect, the cauſe whereof is lodg*d by God in theſe 
bodies; yet ſo as that it never becomes manifeſt to man, except by theſe 
contrivances, preciſely thus applied: and hence the raifing ſuch an ebullition 
and flame only appears to be feaſible on the three above-mention'd condi- 
tions, and never otherwiſe. By this it appears, how little men may ſafely 
pronounce concerning the powers of bodies, in whatſoever age they live: 
there being ſtill more ſurprizing things hidden in the ſecret powers of na- 


ture, than all thoſe which at that time had been already diſcover'd. Add, 


we frequently find that things known in former ages, but fince loft, 
and not committed to writing, when they happen to be recovered, raiſe 
new admiration of the wonderful powers of nature: but enough on this 
head, which would lead me into an infinite detail, were I to inſiſt on every 


point as it deſerves, 
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32. The art of cookery, called alſo the culinary art, is one of thoſe moſt Conte 


uſeful to mankind ; being employ'd in the preſervation, changing, and or- 
dering of foods ; ſo as to make them fitteſt for the ſervice of human life. 


his art, which provides for the healthy, as phyfic does for the fick, is 
” doubtleſs 


(r) See Zuger. Theatr. 239. « thicken'd with a little balſam of ſulphur ; 
« {-) © Oil of vitriol being 2 off from the liquors grow ſo very hot in mixing, as 
„weight of nitre, and from both the in- © preſently to ſend up a vehemently burning 
« 3. ts a compound ſpirit. of nitre di- WE —.5 Does not this great and ſudden heat 
7 urd ;, and two parts of this ſpirit poured argue that the two liquors mix with vio- 
8 on one part of oil of cloyes, or caraway 


ceds, or of any ponderous oil of vegetable towards one another, with an accelerated. 


"a animal ſubitances, or oil of turpentine * mation, and claſhwith the greateſt farce *?- 
\ 1 Newton, ubi ſupra. 


« lence, and that their parts in mixing run 
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doubtleſs of great antiquity, and perhaps not much later than man himſelf; 


Art of wines. 


yet may ſtill receive great improvements from the art of chemiſtry, The 
fingle acid ſpirit procur d from ſea-falt, being diluted with a due quantity of 
water, preſerves fleſh, fiſh, and other meats from putrefaction; gives them 
an agreeable taſte, and fits them for eaſy digeſtion ; and even turns the pu- 
trid effects of cloſe weather into nutriment itſelf, and cures the diſeaſes ari. 
fing therefrom. Hence it is not eaſy to ſay, of how much advantage it ig 
to 4 people, who travel into other climes; where by reaſon of the 
exceſſive heats, they are forced to feed on putrefied water, ſtinking fiſh 
and fleſh, ruſty bacon, and the like, . | 
33. On this account Glauber deſerves his praiſe, who wrote ſeveral trea. 
tiſes on the conſolation of ſailors, the proſperity of Germany, and the like; 
wherein he gives many things to this purpoſe ; and teaches how perſons 
may carry about with them 1n a little vial, without incumbrance, a liquor, 
of which a few drops will be of excellent ſalutary uſe : How from putre- 
fied barley, now called malt, when diſſolv'd, ourify'd, inſpiſſated, . pre · 
ſer vd from the air, a nutritious liquor may be made, a ſmall quantity of 
which may ſerve for the ſupport of life: How from this liquor and wheat: 
flower, biſcuit may be made, which ſhall keep uncorrupted for the longeſt 
time, and prove an excellent food. Boyle, in his celebrated work of the 
uſefulneſs of experimental philoſophy, relates ſeveral eaſy ways, chiefly bor- 
row'd] from chemiſtry, for preſerving ; eggs, new, roaſted or 
boiPd, for the longeſt ſpace. The fame art alſo affords us ſeaſonings and 
pickles, to hinder, ſtop, or correct, the beginnings of putrefa&tion. 
34. The juice of berries, apples, and ſt all fummer-fruits, well n- 
pen'd, being preſs d, boil'd, and inſpiſſated, affords a durable maſs ;, a quan- 
tity of which being again diluted in water, even in the winter - ſeaſon, yields 
its primitive. flavour; whether it be prepared with ſugar or without. 
The ſame. juice being expreſs'd in the vintage-time, works, froths, aſter 
which the lees ſubſide z and thus is wine 29 0 the whole proceſs whereof 
is borrow'd from chemiſtry : the ſeveral defects alſo which befall wine, 
and the diſeaſes ariſing in it, may be prevented or cured, by means drawn 
from chemiſtry. - Thus if it begin to work again out of ſeaſon, or tum 
ſour, turbid, ropy, or the like, remedies are ſupplied by our art: or if 
it be deſir'd to make vinegar: of wine, the ſame art will furniſh a method. 
It alfo teaches to prepare the ſame from any other pulpy fruit. 

34: Grapes, cherries of all kinds, gooſberries, barberries, raſberries, elder. 


berries, pears, apples, and 3 though ſo different in kind, may yet al 
ſkil 


be fo manag'd by a ſkilful chemiſt, as to yield a vinous liquor; which 
with a little help, becomes nearly of the ſame flavour and ſtrength ; Being 
in reality always of the ſame nature. So, for inſtance, the firſt liquor which 
riſes from them, by a moderate fire, is always ſpirituous, inflammable, and 
miſcible with water ; and this liquor, if well purified by the chemiſts art, 
will always be found the ſame, from which ſoever of the above-mention'd 
fruits it was procured. Hence the happy iſland of Great Britain has {mall 
reaſon to complain, that her otherwik fruitful ſoil does not ripen grapes 


to ſo much ad vantage; fince indulgent nature has furniſhed her with apples, 


from 
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from whence, by an eaſy method, wine'is made, which may vie, both in 
fragrancy of ſmell, and pleaſantneſs of taſte, with the beſt wines of France, 
Spain, or [taly. The Dutch rarely make any good wine of their grapes z 
but of their currant-berries, gooſberrics, and green elder · berries, they make 
wines nothing inferior to the produce of the hotter climates. Laſtly, herbs 
themſelves, by fermentation, will yield a ſpirit ; which though leſs in 
uantity, yet as to ſtrength is little inferior to that procured from the richer 


bjects. 


All theſe being duly prepared, we are taught by chemiſtry to 


ſmoak them with burnt ſulphur ; in order to prevent their working a-new, 
as well as to preſerve their taſte from turning flat and vapid. Chemiſtry 


alſo teaches us to correct their too great auſterity, by a 


falt of burnt lees of wine; if too 


proper quantity of crabs eyes or chalk in 
obtain'd, which has fince been ſeverely, but j 


II mixture of 
or ſour, the remedy is to add a 
powder. A vile praQtice formerly 
juſtly puniſhed, of tempering 


the rough ſour Rheniſh wines with lead, which gave them a grateful luſcious 
richneſs, but ſubjeted the drinkers to an incurable palſy : this too was a 


diſcovery of chemiſtry, 


35. The countries which do not afford wine were taught, by I and Ofris, Brewing, 


a manner of preparing beer from corn; which was appoſitely denominated 
Cereris vinum, or the wine of Ceres. Accordingly, Corn. Tacitus relates, that 
the ancient Germans made a wine of corrupted corn, This art does ſo imme- 
diately belong to chemiſtry, that both of them had their riſe from the ſame 
country, viz. Egypt. And Baſil Valentine has given the whole doctrine of 
alchemy, in the fingle deſcription of brewing, or the manner of preparing. 
beer; which he traces minutely thro? all its branches, and delivers with no 


leſs accuracy than elegance (/). In effect, as wine and beer differ ſo little 


) Matthiolus takes the æythum, and curmi, 
to be the ſame with the beer or ale drank in 
England, Germany, &c. and that the only 
difference between the zythum and curmi lay 
in the manner of the preparation, which ren- 
der'd them either weaker or ftronger. In a 
famous diſpute at Paris, in the year 1688, 
on the ſubje& of the bakers uſing the yeaſt of 
ale and beer to leaven their dough, Meſf. 
Patin, Brayer, Blondel, and Courtois, ſpeak 
of that liquors in the following terms: Beer, 
is lays Corn. Tacitus, that — bes y beverage, 
„ made of hops, and wheat or barley, cor- 

* — with damaged water, was no ſooner 
„ Alcover'd than it was condemn'd by Die/- 
— corides, Galen, and other of the greateſt 
A Phyſicians. They all charge it with pre- 
* Jadicing the head, nerves, and membranous 
N * ts, of vitiating the animal juices, and 
24 cauſing a more obſtinate and painful 
3 — than wine.“ Other phyſicians 
Ra: cated it, particularly Meſſ. Perrault, and 
th infant 3 who, among other things, inſiſted 
den db. ©, 30P was not a noxious herb, but 
Vutrary, bad apparently the faculty 


be made into malt; which is done 
it into a ciſtern full of water wherein 1t may 
ſteep, for a longer or leſs time, as the wea- 
ther is more or leſs cold; two days and nights 
ſufficing in hot weather, and five or fix in 
extremely cold: when ſufficiently ſteep'd, the 
water is drain'd off, for twelve or twenty 
hours; then, being taken out, it is couc 
or heaped up into one or two heaps, and turn'd 
every five or fix hours, the outermoſt part in- 
wards, and the bottom upwards. As it comes 
or ſprouts, it is ſpread thinner to cool, and 
prevent its coming too faſt : when come, it 
15 ſpread very thin, and turn'd twelve or 
twenty times à day, till the ſprout is dead: 
then it is again thicken'd on the floor, and 
turn'd as before; great care being taken that 
it neither mould nor become acro:ſpired, that 
N 15, 


from 


of cleanſing the blood, and removing ob- 
« trations 3 and that it was added to the 
* modern beers to correct the ill qualities 
char 
« differed from ours, in that it was made 


without hops.” | 


on the beer of the ancients, which 


In order for brewing, the barley is firſt to 
putting, 


+ 
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from each other ; what we have above related, concerning the uſe of 


chemiſtry in the hiſtory of wine, may be eaſily applied to the art cf 


brewing. _ * 
36. 57 all that J have hitherto dehvered, it appears, that chemiſtry is of 
great uſe and extent thro? all, or at leaſt the chief of the mechanical arts: 
ſo that they who cultivate them might truly be called artificers, and make 
incredible improvements in their ſeveral provinces, if at the fame time they 
were ſkilled in chemiſtry. 8 there are many and weighty rea- 
ſons to induce men to ſuperadd chemi to all the other ſciences em. 

ed in the conſideration or changing of bodies; and laſtly carefully to 


plo 
Ubterve, and faithfully write down, ſuch effects as ariſe therefrom, to be 


afterwards reduced into order, and made publick : that by a number of 
contributions, thus brought from, all quarters, the arts may at length be 
brought to perfection. What was in m 1 I have endeavoured to 
perform in this undertaking ; wherein, tho I make no t advances, [ 


am of ſome uſe; as I have ſet an example of labour before you, which, 
with the advantage of genius, may lead you on to make much greater diſ- 
TT TOS OO ITT CLIN Pre 20161 


o 


37. I come now to add a few, but candid and ingenuous conſiderations, 
on the great uſe of chemiſtry in alchemy. To ſpeak my mind freely, J 
Have not met any writers on natural . who treat of the nature of 
bodies, and the manner of changing them, ſo profoundly, or explain'd them 
fo clearly, as thoſe called alchemiſts. To be convinced of this, read care - 
fully their genuine writings: for inſtance, that piece of Raymund Lulh, 
which he entitles Experiments; you will find him with the utmoſt clear- 
neſs and ſimplicity, relating experiments, which explain the nature and ac- 
tions of animals, vegetables, and foffils. After this, you will hardly be 
able to name an author, wherein phyſical things are treated of to ſo much 


advantage, | 
The bodies, which chemiſtry reſolves before our eyes, afford demon- 


38. 


. rations which call for out aſſent, infinitely more cogently than any words 


could do; by theſe we do what we ſay, and what we teach we perform: In. 
ſomuch, that theſe writers ſeem to have attempted to build that body of 
Rane, wiſh'd for by the great Lord Bacon; vix. a 1 which 
4hould lay down ſuch powers of bodies, as the bodies themſelves, 2 


: IS b -: WS: . A) £, 
3s, that the blade don't grow out at the end is added, accordidg to the intended firengtl 
oppoſite to the root, or the malt come and of the beer or ale. The whole having flood 
ſprout at both ends. The preparation is fi- two or three hours, is drawn off into a . 
niſhed with drying it on the kiln, by ſpread- ceiver, and freſhwater thrown on for a fe. 
ing it on a hair-cloth, or a tin bottom full of cond wort; which is to be cooler, and to 
holes, over a briſk | turf or charcoal fire; ſtand leſs time than the former. The 5 


ſtirring and —— it from time to time. worts being mix' d, and the hops added, 
Now to pr to the operation of brewing whole is put into a c well covered, and 
itſelf; they boil a quantity of water, and pour- clos'd, there to boil an hour or two. Which 
ing enough of it upon the malt, in a maſhing done, the liquor is let into a receiver, and ti? 
, to wet the malt as ſtiff as it can be well hops ſtrain'd therefrom : when cold, the yea 
rowed about; after ſtanding a quarter of an hour, is added, and after fermenting or wor 1 
another portion of water is added, and the row- remains to be tunn d up. | 


ung repeated: laſtly, the full quantity of water 


ETSETSS) TY ho ee SB 5m, ow »- 


= 


The Theory of CnxMisTRY, 
822 exhibit effects to warrant ; and conſequently ſhould aſſign 
ich 


8, n, will readily produce the them · 
ſelves: ſo of things, it — — do what it taught. 3 
39. The laugh'd at thoſe ſubtile univerſal cauſes, ſought for only by ſpe- 
knowledge whereof did not render the i inquirers more 2. For 
cffeting any thing, and of which the ſchoolmen obtruded more than | 
Hence they are continually inculcating, that man catmot by any art go . 
yond the powers impreſs'd by the Creator ou bodies; of which powers ſuch 
as are of neceſſary uſe to life, are obvious enough but others he lefs appa- 
rent, and are only revealed to thoſe who ſeek them with great labour and in- 
duſtry, but that both are equally natural. That a man, therefore, poſſeſſed 
of all knowledge of th ings, © both paſt and to come, would never be able to 
create, or make the leaſt thing 3 a grain of muſtard- ſeed ; or 
produce it out of matter, which was not muſtafd-ſced before. That wiſe 
men obſerve the works of nature as they offer themſelves, and then by ex · 
ents endeavour to learn the laws; which the Creator has impreſſed: on 
— „and in what manner each om of? bn = liar nature, 
ariſes, is perfected ; the pri of w ws is, that all 
things — ſimilar pre · exiſtent ones; plants from plants, animals 
from animals, and foffils from foſſila. eee ting is 
contained in the ſeminal matter alone þ which converts cole: th 
vn into its own form, and 2 hat to 12 
offspring from — ſemen always requires a male father, and female 
—— ſo that not mo” e without: the natural co pulation 
of theſe two. A given, lodg'd duly in a mark in- 
tended for it, and, 
proper time, an off 
an abortion. will wk E, dend of . So thit ſince the cre- 


=_ — this manner any created multiplied ad infinitum, 

ppofing, we mean, a pro — for inſtance, 
be cover'd with yearly were ſown again, 
duly cultivated. They | have alſo obſerved, that certain of the more 


giving motion to other bodies, — ä fr eters 
mg doe RR * 

d pure All which being found, by a mu experiments, 
— moor concluded, by parity of reaſon, that the 
CO — or, the | 
| ical ſtructure ſeed 3 — ou 


te 
| ſpirits, ſcaled up in * — 2 65 pour an 
appear 1n the dead metals, 2 n ifeſt in them when reſolved, 
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They further teach, that ſomething like marriage and ion obtaing 
here; there being an impregnating male, and fecundified e, by whoſe 
ital power a propagation ſui generis is effected in living metals. Nor are 
they filent on the manner wherein living metals may be made, with what 
fire to be in what proportion mixed, and with what pabulum 
fed, that they may be perpetually 88 They add alſo, that metals 


alone, by reaſon of their extreme ſimp admit of being produced 
in the time, from a heavy mercurial fluid, and à fixing ſeminal 
ſulphurous power, intimately mixed by force of fire, and thus united toge- 
ther in an indiſſoluble bond, ſo that mercury, or argentum vivum, does the 
office of mother, and ſo! vivus, that of father: that, after this manner, what 


is performed in the boſom of the earth by ſubterraneous fire in a long ſe- 


ries of years, may here be effected inſtantaneouſly, in metals properly vivi- 
fied by art. They allow alſo, that among animals and vegetables, this 

wer of generation is always limited by its proper time, which is preſcribed 
by nature: that it could not poſſibly be otherwiſe, by reaſon of the ſmallneſß 
of the ſeminal fabrick, and the numerous different parts, out of which it is 
ee compoſed ; as alſo by reaſon the live Hark, or embryo, in the 
centre of the prolific ſulphur, is ſo cafily ſpoil'd. But at the ſame time they 
advance, that in the purer metals, as gold and filver, and the mother of 
theſe, mercury, the parts are ſo ſimilar, that every minute particle is of the 


ſame nature as the largeſt ' maſs : that they are likewiſe ſo immutable, as not 


to be corrupted either by a ſmall, or even the greateſt fire. That the pro- 
lic virtue, therefore, of the ſeed refides in the fire; and thence acts very 


| ſpeedily, and in a moment's time aſſimilates a convenient mercurial matter 


to itſelf : and that on this principle it is, that metals may be generated or 
multiplied ; and that the philoſopher's ſtone may be made; concerning which 
laſt, Leue oe verge wer, that the wiſe ates, 
ſe book of Heraclitus, being aſk'd what he thought 
of it; replied, that where he underſtood it, he found it excellent, and be- 
liev'd it to be ſo in thoſe other parts he could not comprehend, which r- 


ired the jon to come at. So where-ever I underſtand 
che 2 find them deſcribe the truth in the moſt ſimple and naked 


terms, without deceiving us, or being deceived themſelves. When there 
fore I come to „where I do not comprehend: the meani * 


ſhould I them with falſhood; who have ſhewn themſelves ſo 


to ſuch ill purpoſes, that it is enough for them to t out the way, and 
guard from error. I therefore rather lay the lo oe he own ignorance 
on their vanity. Yet I have often doubted, upon reading their ſecrets, 
her theſe ſkilful: perſons, after they had diſcovered ſo many extraordi- 


| nary things by naked obſervations, might not by a too great quicknels 
apprehenſion anticipate, and relate things for facts, which they concluded might 


«© ® 
» 
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be done; or even muſt of neceſſity have been done, if they Jud, priſe 
in the purſuit. Tis certain a very grave alchemiſt, Alexander Suchtben, a 
diſciple of Paracelſus, and a zealot in defending his doctrine, had tried ſo 
many things to ſo little purpoſe, that he concludes, at the end of his treatiſe 
of antimony, that all the philoſophers, the de ar of whom he there 
recites, had died before thay brought their ſpeculatious to an iſſue. If 
this be the caſe, which I not pretend to determine, we are nevertheleſs 
exceedingly obliged to them for the immenſe pains they have been at, in 
diſcovering, and handing to us, ſo many difficult phyſical truths : Inſo- 
much, that Lord Bacon juſtly compares them to a father, who on his death- 
bed inform'd his lazy ſons, of a ſum of money which he had hid under 
in his garden, After his death they went to digging, in hopes of 

ding the treaſure, and tho they miſſed their aim, for in reality there was 
none hid, yet they ſufficiently enrich'd themſelyes, by the large crop which 
the ground, in conſequence of this tillage, u Thus much I have 
long ago had a mind to ſay, concerning the knowledge of the true alche- 
its in phyſics ; left ſuch ſkilful artiſts ſhould be condemn'd by incom- 
po —Now the chief things which the alchemiſts promiſe are as 

W: 


40. To make the philoſophers ſtone; a little quantity whereof caſt upon 
metals in fuſion, ſhall immediately convert all the true mercurial part of the 
metal into Id ; better than any that is out of the mines, or per- 
fected by s art: whilſt that of the melted metal, which was 
not mercury, is immediately burnt blow'd away. This ſtone is ſaid to 
be equal in weight to gold, brittle like glaſs, of a deep red colour, and 
melting like wax by the fire. | | | 

41. To make the like ſtone for filver, which ſhall convert all metals, 
r Nr 

#; o exalt and perfect the enn , as that 
hen projected a quantity of gold, m y it may convert 
the A ſubſtance 3 into philoſo her's oo FO 

43. To exalt the ſame till further, ſo as that being projected upon 
quickfilver, it ſhall convert the whole into philoſophers ſtone, E 

44- To diſcover an artificial body of ſuch virtue and efficacy, as that 
ring applied to a body of any of the three kingdoms, it ſhall impn 
ts natural inherent virtue, ſo as to make it the moſt perfect thing in its kind 
Thus, for inſtance, if a plied in the human body, it will become an uni- 
verſal medicine, and ſuch a change both in the ſolid and fluid parts 


8 ſtate, till the ing lowly wore away and ſpent, death gently, and 
without any * pelkeffon. The fame it would al do in any. 
other animal; and fo ing like it even in plants themſelves, if convey'd 


into. their roots, and increaſe their fertility to a great degree —Hence this 


Vonder. working figment, is by them called the univerſal ferment. 


45. To make precious ſtones, perfectly like the native ones. 
. 46. To ripen the baſer and more im 


, 3s ſhall render it perfectly ſound, and even maintain it in that 


. metals into gold, by con- 
unung the coction and purification whi nas Tal th TI, 
| J Dd 2 ca SHER "EM | 
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they conceive that her view in all mines E to generate gold at laſt 5 viz, out 
n 


of a mercurial matter elaborated by the fire, and refin'd by the denſity and 
ureneſs of the place; but if prevented either by the want of fire, or the 
ſeneſs of the paſſages, or the mixture of foreign matters with the mercury, 
ſome crude heterogeneous matter is produced, which is ſtill capable of being 
chang'd by fire. And ſuch is the origin of all metals, (except gold and filver,) 
which may be further perfected by art, and converted into gold and ſilver. 
This laſt opinion however is not univerſally adopted by the alchemiſts, but 
only by particular ones, In reality, it appears' that lead, tin, copper, and 
iron, are as perfect bodies in their kind, as gold in its kind; having always 
the fame preciſe uniform nature, Accordingly, copper is of a diſpoſition 
which renders it equally, if not more fit for various human mod ber uſes, 
than filver or gold themſelves; notwithftanding that 8 s ſimple, it s 
more eaſily changed. Nor is there any probability, that fuch a metal, by 
any further coction of the fire, or ſeparation of heterogeneous matters, ſhould 
ever become gold, but only a moſt perfect copper; and the ſame alſo holds 
in the other metals. It muſt indeed be allowed, that thoſe called the baſer 
metals, when long detain'd in the fire, do always yield a little gold but 
whether this had been generated there by maturation, or only diſpoſed by 
the fire for ſeparation, has not been proved; nor can I eafily conceive how 
it comes that lead, Which is the heavieſt and moſt ſolid of all metals after 
gold, ſhould be reputed ſo much further from the nature of gold than 
Iver is held to be; ſince the Auepti unanimouſly agree, that the only ftan- 
dard in theſe matters is to be taken from the weight. 
47. But enough is ſald on this head: we are always to remember, . that 
the limits of nature are by no means to be. defined by us; things are taken 
for impoſſible which are only unknown by the ignorant. The ancient wri- 
ters ſpoke ſomething. of a perpetual fire, which was of a ſolid nature, and 
endured even under water; hut it was exploded as an idle chimera ; tho 
the ſame * ſince been actually diſcover'd by Kraft, and prepared 
Kunkel, deſcrib'd by Boyle, further explain'd by Nieuwentyt, and more am- 
y till by Hoffman. Roger Bacon's artificial thunder and lightning were 
ng laugh d at, as empty fictions, but have been. diſcover'd by Schwartz to 
be too true; and many of the other things related in the chapter of m- 
turał magic will appear much more incredible to thoſe unacquainted with 
the experiments, than that lead ſhould' loſe its natural form, and be con · 
verted into gout, Credulity is hurtful, ſo is incredulity : the bufineſs there- 
fore of a wiſe man is to try all things, hold faſt what is approv'd, nevet 
Imit the power of God, nor aſſign bounds to nature. | 
48. Before I proceed to other matters, give me leave to rehearſe all the f- 
paratus, which the alchemiſts have declared to be n for performing 
their grand work. Gold, mercury, and fire, are by all allowed as requiſite in the 
firſt and higheſt degree ; then lead, iron, and antimony, as alſo nitre, and 
nitrous ſpirits extracted from it. A melting- pot, a glaſs mortar and. 
ny retort, with Ae $a pare as 7 A a _ and bellows, e 
tre, a giz „and an at banar: Laſtly, the w expence necellary 1 
Sable vrits ; ſetting aſide labour and trouble. PATE 0f 
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Of the INSTRUMENTS of Chemiſtry. 


r. T } AVING explain'd the ſubjects which chemiſtry is employ'd on; and, 

1 at the fame time, ſhewn the chief uſes it has in view in changing the 
ſame ; it remains to relate the manner wherein theſe are to be obtain d. In 
order to this, I ſhall begin with the inſtruments which are always required 
when any ** —— by art. If a perſon aſſes me to ſhew him that 
which gives the bitter taſte in wormwood, and deſires it to be drawn ſepa- 
rate from the other parts of the plant; I muſt firſt know that water, 
heated almoſt to a degree of boiling, will perfectly extract this bitter part; 
and if freſh be continually poured on, and, when well impregnated, pour'd 
off again, till after a number of repetitions the laſt water comes off as infipid 
2s it went on, the plant will be left intirely deſtitute of bitterneſs, and the 
water contain all that was bitter in it. In which inſtance it is evident, that 


water and fire were the inſtruments uſed in this operation. 
2, In all arts which dire& bodies to be chang'd, the name inftrument 


given to certain things of a particular motion; which being-thence 
'd to the body intended to be chang'd, produces the requiſite 

in: thus, in the preſent art, there are certain bodies by wWhoſe means 
the requiſite actions are produced. Theſe, with the beſt chemiſts, we uſually 
reduce to fix principal ones ; fire, water, air, earth, menſtruums, and uten- 
fils; which are to be well underſtood, in order to have a juſt notion of the 


contribute; and this cannot be ſo 


* 
7 


operation ever was, or can be hereafter r which fire does not 
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PEN i 


| | 1. C0 great is the power, fo extenſive the action, and ſo wonderful the 
— great is the po 


manner wherein fire acts; that it was antiently held and adored az 


the ſupreme God, by a nation reputed the wiſeſt of all others. Thus ſome of 


the chemiſts having found its extraordinary force, took it for an uncreated 
being; and many of the moſt eminent among them, attributing all the 


knowledge they had acquired to this inſtrument, called themſelves philoſo- 
| - ap as thinking they could not be dignified by a higher title, 
There is, however, nothing more wonderful in the nature of fire, than that 
while it is the chief cauſe and principle of almoſt all the effects cognizable 
by our ſenſes, yet itſelf is imperceptible by any ſenſe; being ſo incompre- 
henſible, by reaſon of its extreme minuteneſs, that it eludes our niceſt re- 
ſearch ; ſo that with many it paſſes for a ſpirit rather than a body (#). 

N n 1 : „ 2 


(e) The doctrine of fire here laid down « thereby becomes exceedingly hot: yet there 
Wb Robe. yr batt born) orb nb « is nothing to make it ſo, except the force 
nary : | ble motion of the hammer, impreſſing a 
to conſider « rehomant, and. xariouly determined opts 
Lord tion, on the ſmall parts of the iron ; w 
' The „ being a cold body before, grows, by that 


i ſaper-induced commotion of its ſmall parts, 


reſpect 

originally %%: Firſt, in a mbre looſe acceptation of 
himſelf at the word; with regard to ſome other bo. 
ther it be dies, com with which, it was cold 
bodies, by induci s before: then, ſenſibly hot ; becauſe this 
particles thereof. « agitation ſurpaſſes that of the parts of our 
ters, « fingers : in this inſtance, oftentimes, the 


mery and „ hammer and anvil continue cold, after the 
the latter operation : which ſhews, that the heat ac. 
authors. « quired by the iron, was not comm 
Bacon, i «« by either of thoſe implements, as heat ; but 
duces from i N bs it by © monies, gpeve hang 
heat, in be ion; * ſtrongly to agitate the parts of ſo 1 
only :% © as the piece of iron, without 
| nothing i to 
motion in 


41 
17: 


3 > 
- 
4: 


4 
F 


pitt 


The Theory of CanMisTay, 


2. It will be neceſſary therefore, that we be ſtrictly on our guard, left in Ts be care- 
inquiring into the nature of a 2 ſo deeply hid, we fall into error. To #5 gbr. 
this 


we muſt rigidly abſtain from all ſpeculations, fram'd only in the 
mind, nor give the leaſt credit to any, however plaufible, hypotheſis, or 
precarious opinion, unleſs we have a mind to be bewilder'd and loſt. If, 
in ſuppoſing fire of a certain nature, we be miſtaken, an error will ſpring 
Twi: 4 which will {; itſelf thro? all phyſics ; by reaſon, as we have 
above hinted, that in the natural actions of all kinds of things, fire has al- 
ways the chief ſhare, In our enquiry, therefore, what fire is, it will be 
proper to conduct ourſelves as if utterly ignorant of it; intirely rejecting 
all preconceived opinions relating to it. Our method muſt be of the 
vigebraiſts, who, when they ſeek an unknown thing, N ang at all 
known in it 2 that they may ſtill ** = in mind, es by a ye 
rater which * nothing ; except uch a. quantity is unknown, and 
thenceforth to be ſought : and further, theſe ſtrict retainers to truth, while 
they endeavour to attain a thing-which tliey yet do not underſtand, _— 
23 in the unknown. thing, except ſuch as are given, or at leaſt have 
0 
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in regard the elements of fire are found every where; in the moſt ſolid gold, . 


p * ent equal] 
and in the ſame * all bodies and 1 as wi ke fly 5 4 
in the courſe of this chapter. Hence, in all phyſics, it is found exceedingly. 
difficult perfectly to diſtinguiſh the very action of fire from that of other con- 

ing cauſes z while yet the nature of fire is ſo very different from theirs, 
3 them together will introduce the utmoſt uncertainty and 


4. 


* and is of the whole nail, tending one way; Dr. /Grave/ande on 

** but when that motion ceaſes, the impulſe principle: ** bo en to him, enters 
1 by the ſtroke, being unable to „e compolition of all bodies is contained 
** the nail further on, or break it, muſt be Dr 
ſpent in making a various, vehement, and. * procured from all bodies, by rubbing them 


** inteſtine commotion of the parts among ** againſt each other, and thus putting their 


* themſelves; wherein the nature of heat © fire in motion. But fire, he adds, is by 
© conſiſts o. no means generated by ſuch motion 
A to this, is the opinion of Sir 
4 "exten, who conceives that bo- two authors, in aſſerting this abſolute, and 
wy dies may be converted into light by the a- ingenerable nature of fire : But he extends it 
i, itation of their particles; and light, i further. Not contented to confine it as an 
„ to groſs bodies, by being ied. here. clement to bodies, he endeavours to ſhew that 
in 1. it is ** equably diffaſed thro' all ſpace, is pre- 
On the other hand, M. Hombery, in his *« ſent in all places, in the void ſpaces be- 


= 4 Seufre Principe, holds, that the *© tween bodies, as well as in the inſenſible in- 


” emacal = „or element ſulphur, terſtices between their 0030 
22 ä i This laſt ſentiment falls in with that of 
« you- t ing redients of | 

„ dodies, is real fre; and conſequently that forth in what follows. © © 

tire is coeval with body . | | 


* Mech, Prods28. of Heat and Cold. 4217 & 349. 2 Mem. A an.1705., 


| Elem. uf T. 2. C. 1. Aead. 1 1715. 


—— 


much the ſame 


M. Lemery the younger agrees . theſe 


— Boerbaave ; which will be more largely ſet 


: 
-» 
* 


By 
. the difficnitiet of "fire, is, that exc 


quired. 
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Fo „ 4. Another difficulty in the way of philoſophers who ftudy the nature 
i e minuteneſs of its conſtituent parts, which not 
attending. only ſurpaſſes all other known bodies, but even penetrates to its ſolid, and 
even leaſt particles that we can any way find. And hence ſo many diffe- 
rent and abſurd notions, have gain'd ground among authors, who, of all 
things, appear to have ſtudied the nature of fire with the greateſt applica. 
tion. The errors ſprung from this quarter have not only infected chemiſtry 
and natural philoſophy, but alſo the art of medicine; as will eafily ap- 
pear, if we confider the ſtrange opinions broach'd by phyſicians, concerning 
.the innate heat, radical moiſture, and the like matters, which aroſe wholly 
from this ſource —Henceforth, therefore, we are to ſuppoſe we know no. 
thing concerning fire, and are to conduct ourſelves fo, till we have obtain'd 
ſomething certain of it. Aa | 
The figns of its g. Yet how 1 ſoever we may endeavour to know nothing of 
_ preſent, it, we can no ways avoid being „ eng with ſome mark, by virtue of 
to be fe en hich all perſons profeſs that they know there is, or is no fire in a certain 
place. *Tis neceſſary that ſuch mark or ſign be obvious to the ſenſe, 
and that all men be agreed of it; otherwiſe the word will convey no pre- 
ciſe meaning at all. Such mark alſo muſt obtain every where, and be 
true at all times. Thus, though a perſon may fay he does not know what 
thunder is, nor underſtand any thing concerning it, yet ſuch perſon has 
ſomething in his mind anſwering to that word, and knows at leaf 
thus much of it, that it makes a rumbling in the air; and thus ufing : 
word common to all perſons, he means the fame thing by it, nor of conſe- 
ence will eaſily confound it with any. other. So both the intelligent and 
e ignorant, provided they uſe the ſame language, upon hearing the word 
fire, immediately think of a certain thing; otherwiſe when the word is pro- 
yo meg it would have no other effect, than if ſpoken. to an Indian ot 
can. P 

The requifite 6. This fign muſt alſo be ſo peculiar to fire, as that it can agree to no 
—_— other ng that when the ſign is certainly found to be preſent, it may 
ſe fs". de an infallible indication, that fire is there. Likewiſe without this, it 

muſt leave us in doubt, which of the things denoted by it is then preſent. 
. Nor is it leſs neceſſary that ſuch criterion be inſeparable from fire, ſo 
as that ſire may never be found any where without this mark neceſſarily 
attending it: For thus alone we ſhall diſcover that it is preſent z a mark of 
+ SAS being uſeleſs, if ſuch thing may be latent, and not diſcoverable 

| J. 


diminiſhed, or continues. 
may be made uſe of 
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by ſuch ſign; eſpecially, if being thus aſſured of its preſence, we make uſe 


of means purpoſely contrived for making diſcoveries in the hidden proper- 


ties of fire. And it will be ſo much clear gain, if, by the way, any thing 
new and unexpected ſhall voluntarily offer itſelf. Both theſe manners may 
afford us facts, which we ſhall endeavour to connect by proper reaſons, in 
order to diſcover the unknown nature of fire; nor need we fear falling into 
error, while we purſue this path, which is allow'd by all as the only true 
one for arriving at certainty in phyſics, 
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10. In the mean while I muſt own, that it is not eaſy to aſſign this mark, The difficulty 
whereby fire is known to be preſent in whatever place, or in how ſmall of finding ſuch 


quantity ſoever; and the reaſon of the difficulty is, that on enquiry there 


appears to be an incredible quantity of real fire in thoſe places, where every 
one imagines not only that there is no fire, but that the contrary thereof 
obtains. Thus in the moſt ſevere froſty ſeaſons, and in the coldeſt maſſes 
of matter, fire will be ſhown to be preſent, and capable of being ſoon 
incited in an intenſe degree; yet does it not in the leaſt diſcover itſelf by 
any ſenſible indication, it exerts no apparent action, nor produces any of the 
effects uſually aſcribed to it (x). I own, therefore, I do not pretend to 
exhibit any ſign, whereby we may diſcover the preſence of fire, in the 
ſmalleſt quantity; but only an indication, which may certainly diſcover it 
to be preſent, when in any quantity beyond the leaſt ; which is ſufficient 
for my purpoſe. Tis my opinion, that nothing, either great or little, can 
be known in bodies, except by a mere compariſon of ſuch bodies to each 
other, or to ſome common meaſure ; ſo, in the preſent caſe, we have no 
ſign whereby to determine how much fire there is in a given place; but onl 
how much more or leſs there is in one place than another: hence alſo it is 
not eaſy to determine any thing concerning fire in the ſame individual mo- 
ment of time; but the different degrees, which are obſerved at different 
times may be compared together. 


ſign. 


11. Now looking round to diſcover ſuch a ſign, it occurs to me that the gu ut to 
effects which are produced by fire alone, as oft as they are cognizable by our be /enfible f. 
ſenſes, are univerſally allow'd for proofs of the preſence of fire : Wherefore feds produced 


theſe for the preſent we will admit for this purpoſe. For if thoſe phyſical 9 


changes, which fire alone produces, be eaſily perceivable by the ſenſes, th 

will afford us a mark whereby fire may be known to be preſent ; and if chol 

appearances always ariſe, wherever fire is 2 we ſhall have the 

ſign we wanted; nor need we be very ſollicitous, whether among ſuch ef- 
ſome may not be found, which ſometimes ariſe from another cauſe ; 

ſince, in the 4 of our inquiry, it will be eaſy to diſtinguiſh between 

thoſe which are proper, and thoſe which are only common. At preſent, 

therefore, we ſhall aſſume thoſe which are uſually aſcribed by all men to 

fire; and ſhall afterwards examine each with care, in order to find the par: 

tic 
; (x) The youn Lemery obſerves, that ice water is areal fuſion, like that of metals ex- 


5 only a re-eſtabliſhment of the parts of water ſed to the fire; only differing in this, that 
in their natural ſtate: that — abſence he greater quantity of fire is neceſſary to the 


of fire is ſufficient to account for this re-eſta - one than the Mem. de Þ Acad. Royal. 
d and, laſtly, that the fluidity 2 An. 1709. | * 
e —_— 
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ticular one we are in queſt of. The principal I meet with are, 1. Heat. 
2. Light. 3. Colour. 4. Expanſion, or rarefaction both of fluid bodies 


and ſolid. 5. Burning, fuſion, Sc. each of which we ſhall confider in 
order. | 


Their exami- - 12, Heat, then, is in the firſt place attributed to fire, and with good 


nation, and yeaſon, as the two are connected by a very cloſe tie; yet if we look near 


firſt of beat. into the idea of heat, it will eaſily appear, that by this word men denote 


a certain ſenſation impreſſed on the mind, when their organs: of feeling hap- 
to undergo ſome change by the application of fire to them; but in this 
dea there is nothing contained that denotes either the action of fire, or the 


change of the feeling organ in the body: ſo that heat, conſidered as per- 


| | ceived by the underſtanding, from whence alone it has its na me, does not 
| imply any thing corporeal, but only a mere change of thinking in the per- 
fon that perceives. When I am warm'd, a clear and diſtinct ſpecies of ſen- 
ſation is produced in me; yet I learn nothing by that concerning fire, not 
| of the change in my body produced by. it. When any of us grow warm, 
I would aſk what we find; L ſuppoſe the anſwer will be a pleaſing kind of 
| ſenſation. Now, if this be compared with what phyſicians tell us is then 
| doing in the body, we ſhall find a vaſt diverſity between them. They will 
inform us, that a fine fluid is then moved in the extreme capillary nerves, 
| with a certain peculiar kind of motion; of which we never had the leaſt 


notion, tho* we had a thouſand times felt the impreſſion of heat. But to 


eſtimate the degree of heat in the human body, it may be obſerved, that 
while the body and. mind are both in order, and find heat agreeable to them, 
this degree of heat may be meaſured by the pleaſure of the perception () 
When cold afterwards enſues, it denotes the heat firſt to be diminiſhed, 
and afterwards extinct and abſent. On the contrary, when the heat is in- 
creaſed, beyond that degree which gave pleaſure, .. inſtead of an agreeable 
heat, we ſhall call it an offenſive and painful one: inall which, there is nothing 
that can ſerve as any uſeful indication of fire. Add, that the degree of 
heat, to which we have long been accuſtomed, is not at all felt, agree- 
ably to what we find on the like occaſions : ſo that taking any degree lels 
than the natural, or uſual one, for none at all, we are continually deceiv'd, 


On the contrary, thoſe who have been long expoſed to the cold, 2 
- | e 


| A ——— ſenſibly hot, when the "Tis not very difficult to conceive, how fire 
| degree of its heat exceeds that of our organs of ſhould become ſenſible either to the feeling, or 
1 | ſenſe z ſo that there may be a lucid body, fight, by being thus determined in right lines. 
| | without any ſenſible heat; and conſequently, By ſuch determination, the vague, fluctuating 
as heat is only a ſenſible quality, without any eorpaſcles, are form'd into rays, and a train 
heat at all. | of them-driven upon the organ in a conſtant 
Heat, in the hot body, ſays 5\Grawe/ande, is ſucceſhon. Hence, each ſubſequent one ſe- 
an agitation of the parts of the body, made by conding the effort of the ent one, the 
means of the fire contained in it; by ſuch agi - im on, by ſuch a feries of augmentations, 
tation a motion is produced in our bodies, at length is fel Thus the air, wherewith we 
which encites the idea of heat in our mind fo are every way furrounded, if left at liberty, i 
that heat in reſpect of us is nothing but that not perceived; bat if its particles be drive! 
| idea ; and in hot body, nothing but mo - or directed in a ſtream, whether by a pai of 
tion. If ſuch motion expel the fire, in right bellows, or any other cauſe that excites a wind, 
— — of light; if in a va - the impreſkon it makes will be very 

rious and irregular motion, 
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fected by it very differently from ourſelves. It has been often obſefved, 
that ſubterraneous places afford a cool retreat, in the ſcorching heat of the 
dog-days z yet in the winter afford a no leſs grateful warmth in the ſevereſt 
colds : whence it was falſly inferred, that places under-ground are hot in 
the winter's froſt, and cool in the ſummer's heat, and thus undergo a kind 
of Antiperiſtaſis : whereas *tis certain that the deepeſt vaults are hotteſt in 
ſummer, and coldeſt in winter; but that if they were dug beyond a certain 


degree of depth, they would then remain nearly of the fame degree of heat. 


From all which it appears, that no certain meaſure can be had from heat, 
to determine the quantity of fire. This may be further confirmed by a 
matter of great moment in phyſic: when, in cloſe ſultry weather, occafion'd 


by the ſun's being reflected, or refracted by the clouds, the heat becomes 


intolerable and ſuffocating z if thunder and lightning ſoon enſue, attended 
by ſevere ſhowers, and ſometimes even with hail, the effect is, that the air 
preſently appears exceſſively cold, and men ſhake and tremble 5 the ſud- 
den change, as if ſmitten with a ſevere froſt. And yet, I ſpeak from expe- 
rience, the air, which then ſeems ſo very cold, is in reality ſo hot, that 
if it ſhould immediately ſucceed a ſharp froſt, it would deftroy us by the 
extremity of heat : for if a room in any) 0-wy be heated to a degree, 
only equal to that of the atmoſphere after ſuch a thunder- ſtorm in Auguſt, 
no Hoe a8 coming out of the cold air into ſuch a room would be able to en- 
dure the heat, but would quickly faint away. From all which we learn, 
that heat is no certain mark for determining fire. 


2IL 


13. Phiboſophers, therefore, think light may be uſed as an infallible Next, light. 


of the preſence of firez for that being as it were the daughter of fire, 
it muſt be a juſt repreſentative of its father; and in effect the more vigo- 
rouſly this noble creature diffuſes its rays, the greater quantity of fire is 
uſually ſuppoſed to prevail. And again, as the brightneſs of light decreaſes, 
fire is held to be diminiſhed in equal proportion; conſequently, this 


may be laid down as the criterion of fire, But they who argue thus, are' 


little acquainted with experiments. If iron be taken out of the fire before 
it 15 red-hot, but very near approaching thereto, and thus held in a dark 
place, it will emit no light ; and yet if you touch an animal with it, it will 
yield a hiſſing noiſe, a ſmell of burning, and even conſume the creature to 
the bone, and the bone itſelf: or lay it on dry wood, and it will raiſe ſparks 
and flame : ſo much fire may there be without any light. On. the con- 
trary, if you receive the image of the full moon in her meridian, on a 
clear winter's night, on a concave ſpeculum made of a ſolid poliſhed me- 
talline ſubſtance; and this image be then received on a white paper, placed 
in the focus of the ſpeculum, you will find the light exceedingly intenſe, 
and ſcarce tolerable to the ſtrongeſt eyes; yet the centre of the focus is 
all the while extremely cold. The famous Dr. Hook, a man framed by 


nature for inventing experiments, having brought the rays of the full moon 


into a focus, by a glaſs convex on both ſides, found, that though the light 

appear'd extremely bright on the paper, yet an excellent thermometer being 

applied to the ſame focus, gave not the leaſt indication of heat or fire: — 
| Ee 2 Lr 
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the Tame was confirmed by T/chirnhauſen's burning: glaſſes at Paris (2) 

Laſtly, in M. Villel's ſpeculum, if the focus remain in the air, without any 

opake body to fix on, no ſign of light will appear therein, even though the 

ſan act with all his force; unleſs a perſon ſhould have the imprudence to 

oppoſe his own body directly in the way, which muſt inſtantly deſtroy him; 

there being all the while a moſt vehement fire in the place, which in a mo- 

ments time melts even ſtones themſelves. After this no perſon, we ſup- 

poſe, will meaſure the degree. of fire by that of light; ſince, by theſe in- 

ſtances, it appears, that the moſt powerful fire may be without the leaſt ap- 

ce of light, and the ſtrongeſt light without producing the leaſt heat. 

e need not ſay much concerning colour, which is only the reflection of 

light, variouſly chang'd by opake bodies, or even is. light itſelf; ſince after 

having ſhewn that light itſelf is no true characteriſtic of fire, no body will 
imagine that colours can be ſo (a). 

Then the ether 14. It will be neceſſary to examine the other effects of fire, in hopes that 

fear of fre. among them, we may find ſome one, which will enable us to diſcover and 

eſtimate the preſence: and quantity of this active element. But the more 

ſollicitouſſy I look about, . ſtill the more I deſpair ; ſo contrary and unpro- 

miſing does every thing appear. If we think of. its attenuating powers, it 

is immediately ſuggeſted, that many things are alſo inſpiſſated by fire, I 

we next pitch on its power of binding, we preſently recollect that it alſo diſ- 

ſolves many bodies. If on its faculty of ſeparating things into different parts, 

tis eaſily alledged, that fire alſo combines many things, - ſcarce capable of 

being intimately mix*d any other way; as we find in the making of glaſs, 

and the mixing of iron and gold. Not to purſue ſo very copious a ſubjed, 

L ſhall only add, that ſcarce any effect of fire can be aflign'd, which it is 

found to have in a multitude of bodies; but in ſome other bodies it will be 

found to have the: very. contrary thereof, It may be aſked then, is there 

no effect of this wonderful cauſe which obtains always, and every where 

the ſame, being alſo utterly inſeparable from fire, and not variable by objects 

I ſhould believe there is ſuch a one; and ſo far as I have been able to trace 

the footſteps of nature, there. is. only. one. For on a careful inquiry, I do 
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See Mem. de Þ Acad. an. 16090. p. 110. 
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colours, as ſurfaces are diſpoſed to reflect dif- 
ferently coloured rays ; and a body appears of 
the colour which ariſes from. the mixture of 
the rays reflected by it. Thus placing two 
bodies, . gr. a red anda blue one in the dark; 
where neither of em is viſible ; and enlight- 
ning em ſucceſſively by rays tranſmitted thro? 


a priſm ; they will then be ſeen, and each of 


the ſorts of colour d rays, will be reflected 


from each: but the red rays will be much the 


me | copiouſly reflected from the red body, and 
the blue from the blue. Ard enlightning em 
both with o. y one ſort of rays, e. gr. red ones: 

the red obje will be very vivid, and the b ue 
ſcarce v. ſible. | 


become of different - 


To determine the preciſe conſtitution of the. 
ſurface of bodies, whereon their colour de- 
pends ; it is to be obſerved, that the ſmallet 
particles of all bodies are found to be tranſpa- 
rent: and that they are ſeparated by a me. 
dium of a different denſity Tom the particles 
themſelves : and hence, in the ſurface of every 
colour'd body, we may coneeive innumerab'e, 
ſmall thin lamellz, or plates. But it is demon. 
ſtrated of ſuch plates, and . conſequently of ths 
ſurfaces of bodies, that their colour depends 
on the thickneſs, and:denfity of the parts ot 
plates in the ſurface, between the pores there- 
of 4 . the colour-is ſo much the more _ 
and homogeneous, as the plates or parts 47 
thinner : — that, Arie Jubiber, the fats 
parts are the thickeſt, when red; and thin 
neſt, when violet. 
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not find any* body, to which we may not apply that which all men call fire, 
whether ſolar, culinary, or ſubterraneous ; and all ſuch bodies to which fire 


is thus applied, without one exception, are hereby render'd bigger, ſwell, 


and rarify, yet without any obſervable difference in their weight. This e- Rarifaion 
ally and uniformly obtains in ſolid bodies, and fluid, hard, and ſoft, %% of 
light, and ponderous. In the mean while it always appears, that two bo- beat. 


dies of the ſame weight and bulk, one whereof is ſolid, the other fluid, 
differ from each other in this, that the fluid one is more expanded by the 
ſame fire, and the ſolid one leſs: at leaſt this law obtains in all the bodies 
which I have had occafion to try. For this reaſon fluids are more fit for 


the office of judging of the preſence of fire by rarifaction, than ſolids are. 


I have further found, that the lighter fluids always rarify more by the ſame 
fire, than the denſer kind. On which account the rarifaction of the. lighteſt 
fluid will affect the obſervers the moſt ſenſibly, and indicate the ſmalleſt in- 
creaſe, or diminution of the ſlendereſt fire. Of this J ſhall give an ocular 
demonſtration, Take a chemical phial, whoſe ample fpherical body ends 
in a ſlender cylindrical neck; the whole being filled with clear water, 
as high as- the mark fix'd on the neck ; now upon immerging this in 
an open veſſel full of hot water, you will immediately perceive. the water 
mount up the neck of the phial above the firſt mark, and the like it con- 
tinues to do every moment, ſo long as the water is made hotter and 
hotter. Again, if, taking the phial out of this water, you immerge it 
in other hotter than the — you will find it riſe ſtill higher in the neck 


of the phial. Laſtly, upon applying it nearer and nearer to the fire, ou 


find it dilate more and more in proportion; but upon removing it from 
the fire, you again ſee the water-fink. This may be a ſufficient proof, that 


frre dilates water, ſo as to make it take up more ſpace when hot, than when 


cold, without any apparent increaſe of weight. Hence it alſo appears, that a 
ſolid glaſs veſſel does not ſtretch or expand ſo much as water; | in the 
preſent caſe, the veſſel which before contain'd the water will hold it no 
longer; notwithſtanding that it is heated equally therewith. Again, you 
may obſerve how. nimbly the ſpirit of wine in another phial, upon plung- 
ing it in the ſame hot water, riſes up the neck, ſo as to be ready to run over: 
hence we may. infer, that ſpitit of wine, being lighter than. water, rarifies 
more and quicker by the ſame fire than water itſelf. Theſe flight and fami- 
har experiments abundantly evince the point propoſed. It were to be wild 


the writers of hydroftatics had given us the comparative weights of all known 


fluids, By means of theſe I might have been able to give a general rule 


founded on them all, which at preſent I can only give as the reſult of 


2 great number; viz; that the ſpaces of expanſion produced by the ſame fire, 
are to each other, as the rarities of the bodies expanded ; or in the recipro- 
cal ratio of their denſities. Now by the experiments which have been made 
| they are found to follow. in this order: 


The 


. 


- — 33% .. 
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The lighteſt fluid is the vacuum in the Torricellian tube, 
Then the vacuum in an air- pump. 
Then air. 
Alcohol. 
Pure petrol (6). 
Spirit of turpentine. 
— 
inegar. 
Aqua forts 
Spirit of nitre. 
Oil of vitriol. 
Quickſilver (c). 
15. Thus the dilatation of the lighteſt fluid may eaſily afford us a ſure cri. 
terion of the preſence of fire, and of its being either increaſed, or diminiſhed; 
inaſmuch as this effect has no dependance on our ſenſes, (which are ſo af 


to be deceived in theſe matters,) and therefore can hardly be liable to a 
error, 


16. Again, this way ſhews very accurately the ſmalleſt increments, or de. 


crements of the degree of fire, which I know no other way, yet diſcover, 


of determining by experiment. Another 3 of this method is, thut 
it may eaſily and readily be apply'd to uſe in all places, either within bodies, 
or without *em, and this alſo at all times. Another conſiderable uſe is, that 
this expanſion of bodies by heat, if it be performed in a plaſs hermetically 


ſealed, cannot ariſe from any other _ cauſe hitherto known, but from 
1 


fire alone; ſo that the thing defired is now found, vig. a true, certain, in. 
ſeparable, peculiar, characteriſtic of fire; and this alone we ſhall uſe in the 
ſequel for diſcovering the nature of fire; taking it for granted, that in al 
phznomena where this rarefaction is obſerved, there fire is diſcovering itſelf to 
us in proportion: by which we ſhall have an opportunity of examining fir 
in almoſt all its conditions, and of reaſoning about its hidden nature, which 
diſcovers itſelf in all the experiments of this kind. I ſhall now proceed, 
ſtep by ſtep, through a beautiful field, of the moſt ſimple phenomens, 
till we arrive at the moſt remote and abſtruſe properties of fire, till pro- 
ceeding from the more eaſy experiments to thoſe leſs obvious and ordinary. 


EXPERIMENT I. 


Jren expands 17. Fire expands even the hardeſt bodies, in all their dimenſions, ſo long 


every way as it is contained in them (d). 


1 5 17. 
(b) Boyle, Mechan. Qual. 88. « ſwells ; which expanſion is nt only obſer- 
(c) See Boylt's Medicina Hydroſtatica. « ved in very ſolid bodies, but in thoſe whole 


(4) © Fire,” ſays Dr. .*Grawve/ande, **na- parts do not cohere; in which caſe they 
* turally unites itſelf with bodies: and hence ſikewiſe acquire a great degree of elallicity. 
it 4s that a body brought near to the fire, as is obſerved in air and vapours“ “ Y 
grows hot; in which caſe it alſo expands or Thus /Grave/ande : All bodies are dila - 


® Element. Phyſ. 
4 
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18. To ſhew this, I take two cylindrical iron rods of equal length, each 
being three foot, and likewiſe of the ſame thickneſs, as appears from this, 
that both of 'em will juſt paſs thro? the ſame iron ring. One of theſe I place 
in the hollow tower of an a/hanor, wherein a fire is burning from the bottom 
to the top; after it has continued there a due time, I draw it out almoſt 
red-hot, and applying it to the other rod left in the cold, find it to have 
gained conſiderably in length by means of the fire. 
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19. Yet, every moment after taking it out, it evidently ſhrinks, and And contra#s 
grows ſhorter again as it cools z ſo that when returned to its former coldneſs, ith cold. 


it meaſures juſt the ſame length with the former : the length decreafing at 
the ſame rate as the heat decreaſes. 
20. I now heat a ſecond time the extremity of the ſame rod, and endea- 


vour to paſs it through the ring as before, but am not able with all my force, 


being become, as you may eaſily obſerve, much thicker than when cold ; 
yet wait but a little, till it has returned to its coldneſs, and you will fee it 
paſs the ring as before; which refuſes to admit the hot rod, but freely lets it 
paſs when cold. 


21. If any one have a mind to compute the difference of magnitude be- The degrees of 
tween red-hot iron, or the like body when drawn out of the fire, to the ſame *2242/un 


when cooled to a certain degree noted by the thermometer; let him pro- 


meaſured. 


vide two parallel plates of braſs, A B, CD, as repreſented in the figure. See PI. I. 
Theſe plates are moveable upon two other lateral ones, ſo as ſtill to be kept A. 2: 


WT parallel to each other; the lateral ones being alſo divided into very minute 


parts. Take now the body to be try'd,. and fitted between A B, and CD, 
by the fide of the plate A C, then heating it red- hot, immediately apply it 
& againſt the ſame A C, at theſame time moving A B from CD, till the heated 


body be juſt intercepted between the two; which muſt be done with expedi- 


tion, ſo as A.C may not-acquire any conſiderable heat : thus we ſhall have 


the difference between the length of the hot and cold rod. It may here be 


& neceſſary to have the rod ſharp at both ends, as repreſented by the figure 
FE F, that it may not communicate much warmth to the plates. Other · 

wiſe take a braſs ruler A B, the longer the better, at the end whereof B, 
erect the perpendicular B C, likewiſe long; on the point A, fit a b 
pothenuſe A D, moveable at A, over the plain A B C, and let the perpendicu- 
lar B C, be divided into minute equal parts; placing now the heated body upon 


Ag, raiſe or lower A D, till it juſt-intercept the rod: thus will it indicate 


: u 
5 by the action of fire; but the degree of ſuch more or leſs, according to the leſs or _ 
: dilatation ſeems rather to- depend on the degree of heat: when the repelling force is 
2 motion, than on the quantity of fire. For „ almoſt equal to the attraction, the particles 
+ 5 are expanded by rubbing, as well as before firmly join'd, ſcarce cohere, yield 
5 the application of fire externally *,” * to the ſmalleſt imprefiion, and are eaſily 


* From this expanſion. it follows, that the ** moved among each other: and thus it is, 
conſtituent particles of bodies, acquire a re- * that a ſolid becomes a fluid by beat. The 


„Pelling force by the action of fire ; in virtue effect may be ſo increafed in ſome bodies, as 
ſl 2 they endeavour to recede from each * that the attracting force ſhall be overcome - 
FF — a tendency contrary to that f by the repelling force, in which caſe the par. 


While this laſt force remains ** ticles fly from each other: and thus it. is 


* ſtronger than the other, the particles cohere. . that heat volatilizes bodies F-.. 
* Element, Phy/. + 14.-ib.- GY 
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. 
* 


All bodies ex- 
_ pand with 
* 


C But different- 


j according to contrary, in the heavieſt bodies it appears the leaſt, ſuppoſing the fire the ſame, 


their weight. 


ne 25. The expanſion alſo increaſes in proportion, as the quantity of fir 


wel 


- would recommend it to others to compare the length of iron (which of all me 


Expanſion re- 26. As ſoon as iron is melted into a fluid matter, it appears to contin 


mains in ſc- 


tid. [ 
— 
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upon B C, the parts that expreſs the difference, which will be ſound «, 
much the greater, as A B, and BC, are the longer. | 

22. It muſt here be obſerved, that this expanſion of ſolid bodies by fire; 
general, and obtains after this manner in all the inſtances where obſervation 
has been made. 

2.3. But you muſt not imagine, that it is thus great in all bodies. On th: 


and in the rarer the greater, in ſuch experiments as I have made; ſo that 
the rule is truly general. I ſhall content myſelf to have juſt indicated thus 
much z you will eafily make further obſervations by the laft inſtrument, and 
learn whether all the expanſions of bodies, by the ſame fire, be to each other 
as their weights. I have been prevented from purſuing the ſearch, by 
multiplicity of buſineſs, and too ſcanty an allowance of time; but from why 
I have ſeen and done, I am inclined to believe, that among ſolid bodies the 
rarer they are, the more they expand; and the denſer, the leſs, 

24. But there are other cauſes which produce a variety in the quantity of the 
expanſion, even beyond the denſity, which is meaſured by the weight. Hy: 
ing long been ſolliciting that induſtrious artiſt Dan. Gab Fabrenbeit, to furnih 
me with two thermometers; one made of the denſeſt fluid, viz. mercury; 
the other of the rareſt, viz. ſpirit of wine; and ſo contrived, as that they 
ſhould always equally exhibit, in the ſame degree of heat, the riſing exceſs of 
the contained liquor on the r ſcale, which he ingeniouſly endeavour 
to effect accordingly ; yet, when I came to try the agreement of theſe tw 
thermometers, I found a difference, and diſcovered it to the maker, who 
ingenuouſly own'd the failing, though he did not then ſee the cauſe of it; 
but revolving it often in his mind, he at length diſcover'd, that the very 
glaſs made in Bobemia, England and Holland, expands more or leſs eaſily and 
readily, by the ſame degree of heat: hence he inferr'd, that the inſtrument 
would anſwer, if both were made of the ſame kind of glaſs ; but not if one 
were made of Bobemian glaſs, and the other of Dutch : becauſe that fort of 
glaſs expands the leaſt, which requires the intenſeſt fire to melt it; while that 
fort which eaſily runs in the fire, dilates the more; ſuppoſing both atel 
on by the ſame degree of fire. How circumſpect does nature require us to 
be, in order to diſcover truth in phyfical matters; and how often are we de. 
ceived by following a general rule? How different a thing is it to make ul 
of the haſty concluſions of reaſon, from that ſlowneſs of ſcience, which gos 


patiently on by cautious experiments ? 


received into the body is greater; ſo that the iron rod, for inſtance, whe 
red-hot, is longer than the ſame rod when only hot, but not ignited ; and 
ſhorteſt of all after it has ſtood a long time in a cold atmoſphere. Here! 


tals bears the greateſt heat before it run) when thoroughly ignited, ſo as to be 

ready to melt in a very cold ſeaſon, with the length of the ſame iron, wi" 

returned to its coldeſt ſtate; by which the effect is ſeen in all its extent. F 
ue 


the ſame bulk in the veſſel it is melted in, even though the action of the i 


* 
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be further increaſed by force of bellows : the reaſon ſeems to be, that it can 
receive no more fire into it z and conſequently, is incapable of further expan- 
fion by any force of vulgar fire, Yet metals, thus liquified, may be made 
to imbibe more fire, if this be collected to a focus, and directed upon em 
by means of a concave ſpeculum, or a convex burning-glaſs. 7 2. 
27. Thus we learn, that fire, even from the greateſt degree of cold known 4% tbe parts 


e, 
2. 


to us, to the higheſt degree of heat, expands all the parts of the hardeſt 7 botlies are 


body it is apply*d to, and removes 'em from their mutual contact on all — 9. 
ſides: it likewiſe * that this expanſion, and the rarity of the body 
enſuing thereon, is ſucceſſively increaſed, till at laſt the whole maſs, if it be 
fuſible, come to melt: To that in the whole courſe of the growing heat, the 
ſeveral parts of the heating body are perpetually receding from the centre 
of their reſpective maſſes, as well as the whole bulk. F 11240 
28. Thus alſo we learn, that the particles of fire diſtributed through the Even in the 
maſs, act every where with the ſame force upon the molecule which they, #arde#. 
ſſeſs; and that there is no body ſo extremely hard, but may be changed 
y the gentle action of the _ fire, through its whole maſs, ſo as no 
part of it ſhall remain unchang'd. ae 
29. Now what is this expanſion but a receding into other greater 
ſpaces than the former? From whence I conclude, that the parts were mov- 
ing during the whole courſe of the operation: which further ſhews that 
fire moves all the parts of the hardeſt body, both internal and external; and 


Wo. 


| this according to all its dimenſions ; and the more ſo, by how. much the 


fire is more raiſed; till having at length reduced them all into a fluor, it ſhakes 

and mixes them with great violence. | 

30. Yet it may be doubted, whether fire has yet attenuated the maſs ſo-Whetber fre 
as that the parts now fluid are the elements of the body, while they retain 2p tae to 
their fluidity 3 and whether the particles of metals, thus liquified by fire, be {nent of 
ſo intimately mixed even to their minuteſt parts, as that the like attenuation 

cannot be produced by any other means. The refiner's art, tis certain, 

ſhews us that a ſingle grain of gold, if mixed with an hundred thouſand 

grains of pure melted flver, ſo as that the two may run together, the gold 

will blend and incorporate itſelf ſo thoroughly with the filyer, that if you 
afterwards cut the · ſmalleſt grain from the maſs, you will find in it the due 

proportion of gold and filver, viz. as 1 to 100000; and this ad infinitum : 

there being no limits to this faculty which gold. has of dividing and diftri- 

buting itſelf thro' filver. If this experiment be conſider d cloſely, we ſhall 

think it no way im ble, that the fire, while acting on the gold, in 

the whole As of its increaſe, from a pre cold, was continually 

moving its elementary particles, ſo as to e them cohere leſs and leſs, 


till at laſt they become diſunited, or ſet at liberty; from” each other, and 
thus move freely about. 


. 


2 0 


31. Tis alſo the fire alone, which, while it continues to act with the 
ſame force, hinders the particles, as they touch one another, from 2 | 
or cohering again; for if the fame fire be removed, they immediately * 


1 
* 
— 


„  2 | 233. 


218 The Theory of Cuts TRv. 


The particls 32. It muſt be own'd, the parts of a pure metal, when melted by the 
of metal a- fire, ſtill retain an endeavour to unite again; as we ſee gold, filver, and the 
ay s, other metals, when fuſed, 3 collect themſelves into a ſphere, 
hen after the ſame manner, as mercury to form itſelf into a ſpherical fi- 
gure, unleſs the weight of the parts ſhould hinder. But this power cannot 
obtain its effect ſo long as the violence of the fire interpoſes. 
Rah aloe 33. e of gold can never be join'd with the tenacity peculiar 
fits metals u to this metal; unleſs they. be both divided to the laſt particles; viz. by 
136446 * 4 melting them by the fire: For then, when cold again, they immediately re- 
rated ert cover their former ductility. And what has been ſpoke concerning metals, 
holds alſo in other ſimple bodies; as in fix'd ſales, laſs, and the like, 
From hence we alſo learn, that it is not only poſſible, but even is actually 
ſeen, that a body which appears perfe&ly hard and immovable, may be im- 
mediately ſo ſhaken in all its component elements, as that even the minuteſt 
particle in its whole maſs ſhall not remain abſolutely at reſt.— All which. 
points hitherto enumerated, follow ſo clearly from the confideration of the 
experiment-above propoſed, that no difficulty can ariſe therein: ſo that fire 
appears to act on the very intimate nature of bodies. 
34. Henceforward; therefore, we need not wonder at what is ſome- 
times known to happen, viz. that the ſtrongeſt buildings tumble down in 
hot ſultry weather, uſually about noon-day, and without any wind. 
Bodies not e- 35. From this property of fire we alſo infer, that bodies become much 
very where of bigger in all their dimenſions in the torrid zones than in the frigid ones: and 
the ſame fie. thus alſo are comparatively lighter in the former ſituation ;- as containing the 
ſame quantity of matter under a greater ſurface. By this means alſo their per- 
Eo + cuſſions are performed with the leſs force: and hence pendulums prepared 
7 in the frigid zones, grow longer in the torrid ones, and thus make their of- 
A cillations flower; by which means the beſt: clocks are made to err. The 
like is found even in the ſame country at different times of the year, according 
to the different degrees of heat. 
36. Tis with truth, therefore, it has been afferted in all ages, that 
bodies are. chiefly looſen'd, and weaken'd by fire; for as thoſe two words 
denote the condition of ſolid bodies, whereby they become diſpoſed to be 
eaſily diſſolved, by a weaker agent, into their parts; it is evident from what 
— we _ juſt mo that fire does this from its weakeſt degree, ws that 
every ſtep whereby it is increaſed, promotes the diſſolution more and more 
— ho th there is-n0 more frm left, even in the hardeſt * but 
| ufy. and run. A ingly, it a the hiſtory o ages, 
that the inhabitants of iu and as, Oe Chords to the greateſt ac- 
tion of the ſun, have always been ſofter and weaker, and conſequently more 
diſpoſed to lazineſs and indolence. So in burning fevers, the exceſſive heat 
Ives and enervates the whole body: the dried parts, it muſt be owned, 
do here grow ſtiff and rigid; but this is not owing to the fire conſidered 35 


The laxity of 


_ lodged in the folid parts, but conſidered as it eva the aqueous parts: 
Ia which ſenſe alone, it can be truly faid, that fire ſtrengthens ſome 
which were weak before. E x p E 


18 
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EXPERIMENT I. 


37. Cold, which is uſually called the abſence of fire, contracts hard bo- Cold contrag; 
dies in all their dimenſions, fo long as it remains in them. This has been all bodies. 
ſhewn ſo clearly in the former experiment, that it would be needleſs to 

ive any further proof, ——But from this you will give me leave to draw 
3 concluſions. 

38. All bodies of a folid ſtructure are equally ſubject to this action Conracion 
of cold ; nor has any been yet found, however denſe and compact, but cold he meaſure of 
renders till denſer z not even excepting diamonds, the hardeſt of all known ©: 
bodies. | 

39. That as the degree of cold increaſes, this contraction is alſo in- 

ed; the former contraction ſtill decreaſing as the cold is leſs, 

40. And what is further remarkable, this reduction of bodies into leſs 
ſpace obtains even in hollow ſpheres, and orbicular annuli, towards the cen- 
tre of the body, or the ſurface. Thus if this iron ring be cold, it will not 
admit the cylinder in my hand ; but after it has been a little heated, lets it 
paſs with eaſe. So this glaſs ſphere, which terminates in a narrow cylindri- 
cal neck, when filled with a coloured liquor as high as the mark in the cy- 
linder, and then plunged into a liquor much colder than its own, the co- 
loured fluid at firſt riſes very ſenſibly, but preſently falls again; by reaſon 
the external cold, applied to the ſurface of the immerged ſphere, before it * 
penetrates to the liquor contain d in it, firſt cools the glaſs, which contract · _ -—- 
ing hereupon, drives the liquor out of the ſphere into the neck, or pipe: dies. 
dut no ſooner has the cold arrived at the body of the liquor itſelf than it 
makes it contract, and thus ſink again. From which iment we learn 
the nature of this contraction; which reſides, if I may fo call it, in the in- 
timate ſubſtance of bodies. The ſame contraction, enſuing upon cold, is 
ſtill more ſenſible in other hot veſſels. | 

41, It ap likewiſe, from all experiments, that this reduction of Pence the 
bodies into leſs ſpace, always proceeds proportionably to the cold itſelf z ve 
thus is the bulk: leſſened, and the weight retained, though the comparative 7 be 

weight be increaſed: ſo that in ſevere cold weather, all bodies are certain. 
Tound the in bulk, But as no one can aſſign a body, wherein there is 
abſolute cold, or in which there is no fire; hence it is alſo impoſſible to re- 
duce any body, for inſtance an ounce of gold, into its leaft poſſible bulk. 
In the mean while, we muſt find the ratio of condenſation, by that of the 
degrees of cold. 7 | | 

42. Hence, alſo, the mere abſence of fire produces a motion ſtill more The fub/fance 
wonderful in all ſolid bodies : I mean a motion in all, both the external and 4 _ - „ 
internal parts, by virtue whereqf all the atoms of the body tend towards its % 
centre, and by that means alſo draw nearer, and cohere faſter together. If, 
therefore, cold were a meer privation of fire, the power which contracts the , ai i 
ticles of a ſolid body, would be innate, or implanted in the nature of proper to body. 

y itelf ; while the power that 17 would depend upon the fire, and | 
| 2 


conſe- 
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rently ariſes from the ſame ſource. 
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conſequently be ſomething extrinſic, or ſuperadded to bodies, and therefore 
violent. Accordingly, bodies would then endeavour to ſhrink into cloſe maſſts, 
till they arrived at the minima, or leaſt elements; when they would remain 

ealy ſolid and quieſcent: whereas, on the contrary, they are now con- 
tinually ſhaken by fire, nor ever arrive at a ſtate of reſt : fo that the end. of 
cold is a ſtate of abſolute reſt, between coherent particles; and the end of 


fire a perpetual agitation of diſſolved particles (). 


= Fire, thus being acknowledged the in- 


ſtrumental cauſe ofall motion ; it remains that 
itſelf be moved: nay, to move muſt be 
more natural, and immediate to fire, than 


to any other body; and, hence, ſome have 


ventured to- make motion eſſential to fire: but 
as this is inconſiſtent with the notion of matter, 
which is defined to be inert, and paſſive ; and 


as we ſhall hereafter ſhew that fire is mate- 


rial; we muſt rather agree, that the motion 
of fire itſelf is derived from ſome other higher, 

and more metaphy fical cauſe. A property of 
pe mobility may indeed be ſu 


natural, neceſſary connection with them: nor 
dy — be r with _ —_ _ 
by ſome extrinſic efficacy of a ſuperior cauſe. 
However, that it is by motion that fire pro- 
daces its effects, is evident. And hence the 


action of fire cannot make any alteration in 


the elementary ſubſtance of bodies ; for it is 
neceſſary, that what afts upon an object, be 
without that object ; i. e. the fire muſt not 
penetrate the elementary parts, but only enter 
the pores and interſtices of bodies : ſo that it 
does not ſeem capable of making thoſe tranſ- 


- mutations which Sir J/aac Newton aſcribes to 


it ; of which we ſhall ſpeak hereafter. 
In effect, as to all our ofes, -it may 


| perhaps be ſaid, that fire is always in motion: 
take, for inſtance, fix ſeveral ſorts of ther- 
wmometers, and two veſſels of water with ſal - 


.ammoniac mixed therein; and apply the 
thermometers thereto: the conſequence 

be, that the air being condenſed in them, the 

ſpirit will deſcend in all: remove the veſſels 

of water; and the air growing warmer, and 

ſo rarefying, the ſpirit: will aſcend again. So 

that the active foree in air which produces ſa, 
many effects, does really all ariſe from the fire 

contained in it, | 


Again, as all bodies placed in a very cold 


air, do, by degrees, grow cold, motionleſs, 


rigid, c. tho there 


ſtill-fome remains of 
fire; and in pr 


ion as that is diminiſhed, 


_ the eſſe is accelerated ; it follows, that cold, 
. e. a leſs 


of heat, is the effet of a 
leſſer action of fire. And fo all action appa- 


-” „ 


1 


.to the other properties of fire ; but it has no. 


the cells, and let the fire out: and upon 
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Tho! fire be the DS and 
motion, yet is it frequently found in ſuch 
ſmall quantity, that, inſtead of fuſing, or 
keeping bodies in a ſtate of fuſion, it become 
incloſed, and fixed therein, ſo as to remain, 
as it were, impriſoned, till ſome external 
cauſe come to its aſſiſtance, and open the cell; 
which before detained it. 

This is the caſe in quick-lime, as alſo in 
lead, tin, regulus of antimony, &c. when 
calcined : in- which the younger Lemery ob- 
ferves two things: (1) That the fire thus in 
cloſed, makes a ſenſible addition to the weight 
of the body ;- amounting ſometimes to one 
tenth of the whole: And, (2) That during 
this impriſonment it ſtill retains all the parts 
cular properties or characters of fire ; as 2 
pears , that when once ſet. at 5 
gain, it has all the effects of other fire. 

a ſtony or ſaline body being calcined, and vn. 
ter poured on them; that fluid is found ſufi- 
cient, by its external impreſſion, to break 


the water is rendered more or. leſs warm, 2 
cording to the quantity of fire lodged there. 
Hence, alſo, it is, that as ſome of theſe bo- 
dies contain a deal of fire z and the lighteſt oc- 
caſion is capable of diſengaging it; upon 
plying them to the ſkin, they burn, and 
an eſchar not unlike that of a live coal. 
To this it is objected, that the particles a 
fire are only ſuch in virtue of the rapid mo 
tion wherewith they are agitated ; ſo that © 
ſuppoſe them fixed in the pores of a body, * 
— — — at once of t ao ens — 
em fire; and conſequently, to di 
them for producing the effects aſcribed to 
them. To which M. Lemery anſwers, ti 
though = rapid motion of fire 1 contribute 
to its effects; yet, the particuls 
3 icles is to be conſidered wich 
d though, fire ſhould be detain'd, and fire! 
in the ſubſtance of bodies; yet why , ſhould i 
fate worſe than other fluids in the ſame cr 
. — blen 
whoſe fluidity „ As obſe 
on fire ; and, conſequently, is lefs lui than 
fire : and yet, every day, water is incloſed i 
bodies of all fort, without loſing is uid) 
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43. It may be here aſked, whether fire and cold do not ſeem the only Heat and cold 


things that affect the ſubſtance of bodies; others only affocting the parts 
thereof? Whether abſolute reſt in any ſpace would not make the greateſt 
cold? And whether there would not be reſt in a place where there is. abſo- 


lutely no fire ? 


44. Hence alſo pendulums becoming ſhorter towards the 
earth make a greater number of vibrations in the ſame time; and the weig 


or bobs faſten d to them, becoming thus alſo condenſed, have a leſs ſur- 


or any of the properties that characterize it. 
Add, that when water is froze, the motion 
of its parts is, doubtleſs, diſcontinued ; and yet 
the figure of the particles remaining the ſame, 
it is ready to commence a fluid, as before, A 
on the leaſt warmth. Laſtly, though ſalt 
allowed to be the nope rect mg tom gin 
has certain properties, ariſing chiefly the 
hgure of * yet, it —— acts when diſ- 
ſo — ; or, _ amounts 3 the ſame, when 
it ſwims in a fluid proper to its parts in 
motion : yet it is 2 2 ſalt, l the mat - 
ter of taſte, when not in a ſtate of diſſolution. 
To deſpoil it of that quality, the figure of its 
parts muſt be alter d. 

As to what may be further objected of the 
impoſſibilmy of fixing ſo fine, ſubtile, pene- 
. 

eous ce of a groſs, z 
it will be of no great weight, unleſs * 
proved, that the pores of the cells are bigger 
than the ſame. If it be inſiſted, again, that a 
3 could find its way into a ſolid body, 
might get out again the ſame way ; and that as 
it only penetrated the body, inaſmuch as its 
own corpuſcles were ſmaller than the pores ; 
ſo, the ſame pores muſt let-it out again : it is 
anſwered, that the pores are not now in the 
ſame condition as before; the fire, in calci- 
ning, open'd, and dilated the pores ; which, 
upon the fire's ceaſing, muſt cloſe, and con- 
tract again ®, 

Tboꝰ a great likeneſs might be expected. 
lays Mr. Boyle, „“ between a particles of fire 
„ adhering to quickæ lime, and thoſe of highly 
2 rectified ſpirit of wine; yet I have not 
* found, that the affuſion of that ſpirit upon 
I Juck-lime produced any ſenſible heat, or 

* vifible diſſolution of the lime, tho” it ſeem'd 
* be ily.ſack'd in, as common water 
„ vould ve deen. And I further tried, that 
„Hcold water were poured. on the ſame. lime, 
* . — there — no manifeſt = ; 

the lump appear ſwell'd or broken, 

„ till-ſame hours after ; which ſeems to argue 
© that the texture of the lime admitted ſame. 


| face 
particles of the ſpirit of wine into ſome of its 
** pores, which were either „or more 
« fit, without . r it into the moſt nu- 
** merous, whereinto the liquor muſt be re- 
*« ceiv'd,. to be able ſuddenly to diſſipate the 
* N af lime into their minuter parti- 
5 12 : 

*« Theſe phznomena ſeem to ſhew, that the 
« diſpoſition which lime has to grow hot 
« with water, greatly depends on ſome pecu- 
« Var texture; ſince the aqueous parts, which 
one would think capable of quenching moſt 


„of the fiery atoms ſuppoſed to adhere to 


% quick lime, did not near ſo much weaken 
1 the diſpoſition of it to heat, as that acceſs 
* of the ſpirituous corpuſcles ; and their con- 


texture with thoſe of the lime, increaſed 


4 jt 


* 
* i, inſtead of cold water, you 


the 
« lime with hot water, the ebullition will be, 


s oftentimes, far greater than if the liquor were 


« cold. And this might well be e . 


5 
« hot water being much fitter than cold, ſud- 
«« denly to 
* haſtily diſſolve, and ſet at liberty the fiery 
60 line- parts, wherewith it abounds. 


« And what a 2 intereſt falts 4 — b 
ve 


«in ucing ſuch heats than cold, 

*« alſo tried, by pouring acid ſpirits, and, 
particularly, ſpirit of ſalt, upon good guick- 
* Lime. For by this means, there would be 
« a far greater degree of heat excited, than if 
« 1 uſed common water; and this, whe» 
ther I employed the ſpirit cold or hot ||.” 


« Tt is not eaſy, ſays the fame author, to 


** apprehend how ſuck light and minute bo- 


«« dies ſhould be fo long detained, as muſt by 


this hypotheſis be allowed, in quick-lime 


«« eſpecially ; ſince no great heat enſues the 


water upon mn, or crocs: 


64 pouring of 
* martis per ſe, though they have been calci- 


ned by a violent fire; the effluvia whereof - 
« ſeem to adhere to them, by the increaſe of 
„weight the lead and iron manifeſtly receive. - 


— * 


4 from the operation of it 
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face to oppoſe to the air, and therefore will undergo leſs reſiſtance from it. 


"Denſity from 
cold. 


) 


May not this be one of the cauſes of the ſpheroidical figure of the earth; and 
which makes cold prevail at the poles, and heat at the equator in a certain 
proportion? | 

45. Cold alſo conſolidates all thoſe called firm bodies, that is, brings 
that part, which we call body in them, into leſs compaſs than before, and 


thus unites the matter thereof more cloſely together: by which means the 
. cohefion of the whole maſs is uſually increaſed ; which makes what we call 
ſtrength, or firmneſs in bodies. It alſo makes the ſeveral parts, whereof 
the body conſiſts, cohere more ſtrongly to each other; ſo as not to be ſo 
eaſy to be torn or ſeparated from the adjoining oue, as before; which is 


another cauſe of the ſtability found in bodies. Laſtly, ſo far as we can per- 
ceive, it binds the very atoms of the body cloſer, as well as the whole bulk; 
which was juſt now faid to be acting upon the very fubitance itſelf ; by 
which means ariſes the higheſt firmneſs and ſtability of all things. But what 
can the moſt penetrating mind conceive of ſuch laſt corpuicles ? for my 

rt, all I can conceive is, that tho' we go on dividing and abſtracting to in- 
Enity, body will fill conſiſt of other leſſer ones; which, if it be a ſimple 
body, will be perfectly like the greater; and thoſe again conſtſt of other finda 
leſs ones. It appears, therefore, that the Creator has infufed a principle in 
things, whereby certain corpuſcles unite into little maſſes, ſo firmly cohering 
as that no power implanted in nature, or to he excited by art, can divide 
them into leſs parcels; and conſequently they muſt remain the ſame, what 
violence ſoever be applied. In the mean while, theſe may cohere again 
with the like bodies, and this with ſo much force, as to form a durable co- 
alition, and rarely to be ſeparated, yet liable to be ſo by a few certain means; 
but ſo as after ſeparating into the above-mention'd- atoms, they muſt thence- 
forward remain immutable, An intenſe meditation on the powers and ac- 
tions of nature led me to the diſcovery of theſe -principles, from 
whence the atoms of Democritus, the Monades of ſome philoſophers, the 
Hylarchies of others, and the ultimate principles of things of almoſt all phi- 
loſophers, may eaſily be explain'd ; but it may be aſked, are theſe part- 
cles ſo ſolid as not to admit fire between them; and are they neither dilz 
table nor compreſſible by any power; and does all condenſation and rarifac- 
tion then go only to the compounds of theſe atoms, and not to the com- 
ponent elements themſelves ? *Tis a known obſervation of naturaliſts and 
por gy that all the ſolid bodies in the three kingdoms are ftrengthen'd 

y pag 


cold. 


| Nhercciprca- 46. And the alternate change of heat and cold, which prevails in 


tions of heat 
— 2 


Uſeful in na- 
ture, 


the univerſe, ſeems to produce a continual agitation in all the bodies, and 
the whole univerſe, and even all the particles thereof, whenſoever theſe 
two ſucceed each other; fince the action of each neceſſarily produces the 
abovemention d effects. 

47. But the ſame degree of either does not long continue, but rather 
is continually changing, and the ſucceſſion of one uſually tem the excels 
of the other, by producing direct contrary effects to the other. Thus, if weat- 
tend to the order of nature, ſhe appears to obſerye nothing with more 1 
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than that heat and cold do not long continue the ſame. This ſhe ſeems - 


to have had in view, in ſo ordering the expoſition of the earth to the ſun's 


remain, even for the ſhorteſt — of time, in the ſame aſpect: by which 
means the different ſeaſons of the year, by the diverſities they make in the 


fire, are continually exciting different effects. I ſay nothing of the changes 
of day and night, which are producing continual diverſities: ſo that the ſame 
d of fire continues not a quarter of an hour, even on account of theſe : 
—— make this mutability ſtill more conſpicuous. The ſun's heat has 
ſcarce ſcorched the earth, and fil'd the atmoſphere with vapours and exha- 
tions, before clouds ariſe, alſo thunder, lightning, hail, and rain, which 
produces a quick change to intenſe cold, From all which we may infer, that 
there is a perpetual periſtaltic or oſcillatory motion of the conſtituent parts of 
all the ſolid bodies in the univerſe. 

48. The excellency of this continual viciſſitude conſiſts in this, that 
hereby other, and much greater varieties of things are produced, than could 
be if either of em were to continue a longer time in the ſame uniform degree. 
Thus, the fire, when it. continues long, dries and renders what remains of 
pa and animals durable, and a conſtant froſt does the like: but when it 

and: thaws by frequent turns, all things become intimately diſſolved, 


volatiliz d and diſperſed into air. It would be endleſs to recount the nume- 
rous effects which depend on this principle. 


rays, as that the earth might at one time be ſtruck with more oblique rays, | 
and at another with more direct and perpendicular ones; and ſhould not ever 
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49. Accordingly, the wiſe author of nature ſeems to have eftabliſh'd 4rd continu- 
this uniform viciſſitude in things, that the whole univerſe might continue in ally agitate 


remoteſt particles; and by ſuch means the riſe, growth, ſtate, decreaſe, and 
deſtruction of all thi may be effected by the ſame law in each. 

50. But who can define the limits of cold? Where is it fo intenſe as 
that it may not be ſtill increaſed ? *Tis probable, this may obtain where there 
is no fire; but it is impoſſible to find any ſuch place; nor can we by any art 
drive all the cold out of any given body or] 


g pace: it is vain even to think on 
it. But is the higheſt degree of cold then more eaſy to be affigned ? By no 


means; nor do we in the leaſt know how much fire might be collected in a 

certain ſpace, We are ſurprized at the force of fire when collected into a 

focus by concave fpetulums, or refracted and united by convex glafſes ; but 

who knows how immenſely theſe might Mill be increaſed z if the ſpeculums 

were much bigger; and made of a conoidal, or parabolical figure; or of 4 

[nelly or compact matter, not admitting the leaſt vacuity ; or of a 
Y 


ſuch a nature; as has a power of reflefting the rays ſuch as they were 
before the incidents ?- ; 


motion, not only as to the larger bodies, but their intimate and i.. 


51. However, it may ſuffice for us to denote the degrees of fire, ſueh No fx'd limits 


—_ are found a 


by-what we have already ſhewn. In order to this, we need only obſerve 
the increaſe oy decreaſe of bodies, as to extenſion 3 which may be done by; 
Proper inſtruments, + © | mY 


52. 


the bodies we convene wich. It will be eaſy like- c b 
© to obſerve — — diminutions, and general action of fire, . 
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And affien- -52, In the mean while, it will be a matter of great nicety, as well as 
alu. labour, to determine the quantity of fire in any given place, as that its pro- 
rtion to the fire of any other known place may be aſſigned in numbers: to 

find whether or no it be increaſed is eaſy and obvious; but to eſtimate the 

preciſe degree of ſuch augmentation 1s exceedingly difficult: yet it will ap. 

_ pear in the ſequel, that this difficulty is by no means inſuperable by human 

induſtry — —Theſe are the chief particulars clearly deducible from the 


firſt and ſecond obſervation ; and which are of much uſe in chemiſtry, 


EXPERIMENT II. 


53. Common air, by a ſmall increaſe of fire, expands every way in its 
whole bulk, as well as in all its parts. 
| _ 'Drebbel' 54. This has long been known to philoſophers, but further illuſtrated and 
air-thermo- ved by Mr. Boyle; ſo that we need dwell no longer on it. This was ſhewn 
yoga y the thermometer, firſt invented by Corn. Drebbel of Alcmaer, which viſi- 
bly attracts or repels liquors, by the ſole means of rarified or condenſed air, 
Lou may obſerve how by bare ae; on the ball of this inſtrument, I make 
the tinged liquor contained in the tube ſenſibly aſcend ; and when I defiſt from 
blowing, you 8 perceive the liquor return to its former height. 
| Improved. +. 55. The ſame may allo be ſhewn by applying a warm hand to the bal, 
And the like inftruments may alſo be ſo made, as to note even the 
minuteſt difference in the fire, ſo as to exhibit to the eye a perpetual uninter- 
mitting ſyſole and diaſtole of the air. Provide, for inſtance, a veſſel made 
See Plate II. of thin and very tranſparent glaſs, and of a figure . of two ſpherical 
Zig. 2. ſegments connected together; ſo as the greateſt oppoſite ſegments A B, CD, be 
not far apart from each other; the bigger and cloſer this veſſel is, provided 
the air may eaſily be let in and out of it, the fitter it will be for the 2 
purpoſe, This veſſel is to terminate in a ſlender tube E F, open at E, of a very 
narrow bore, yet wide enough to admit the air, with its whole force, freely thro' 
it. This veſſel being expoſed to the air, ſo as to fill itſelf therewith, and 
then plunged with its orifice E, into a veſſel full of deeply tinged water; 
and laſtly, the veſſel itſelf ABCD, a little heated, bubbles of air will im- 
mediately iſſue out of EF, through the orifice F, and this ſo long as the 
fire remains about the veſſel. After enough of this air has been evacuated, 
viz, a few bubbles, remove the heat, and the tinged liquor will mme- 
diately. aſcend. If then care have been taken, that too much air be not 
expell'd by the heat, the ti liquor will be ſuſpended about the middle of 
the tube FE, where it will play up and down, upon the leaft variation of heat 
and cold; and this the more evidently, by how much the glaſs is thinner, 
the veſſel ABCD, bigger in reſpect of the tube FE, and the ſegments AB, 
, nearer: all which is eaſily demonſtrated on the principles of hydraulic. 
*Tis obvious why I prefer ſegments in this inftrument AB, CD, to 
entire ſphere, and why I require them ſo near together; you are aware, 
that by-this means heat and cold may be the more readily communicated 
' through a large ſurface, to a ſmall quantity of air, and each part 0f 


$2 
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To repreſent all this more ſenſibly, I take a chemical phial, of a large belly 
and narrow neck, full of air, ſuch as that of the place wherein we are. This 
I invert in water, and upon applying fire to it, the air-bubbles fly out of 
the neck through the water; by this it is plain that leſs of the air re- 
mains in the veſſel, viz. in proportion to the quantity of bubbles diſcharg d; 
then removing the fire, the water immediately riſes into the neck; and 
bringing . A to it again, and again withdrawing it by turns, the water 
riſes and falls in the neck by turns, ſcarce reſting a moment in the ſame 
place, 


CQROLLARY I. 


56. This expanſion of the air, produced by fire, goes to an immenſe de- 
gree, which is not eaſy to be determined by experiments : for we find that 
hollow glaſs ſpheres expoſed in a glaſs-houſe furnace, ſo as to be ready to 
melt, and then ſealed hermetically, and at laſt gradually cooPd again, are 
not even thus left entirely deſtitute of air; fince upon breaking the hollow 
end of a ſphere of this kind under water, though the water ruſh in with 

t force, there always remains a ſpace in the upper part full of air, which 
Taſtains the whole weight of the incumbent atmoſphere. This abundantly 
proves, that the vehement heat of the furnace had indeed rarified the air 
exceſſively, but had by no means expell'd it entirely. *Tis probable a ſtill 
ſtronger fire would ro” the air yet further ; but it is no leſs probable, 
that this rarifaction would never reach its utmoſt bounds ; ſo that there al- 
ways remains ſome air, even in the greateſt fire. In the mean while, M. 
Amontons has inferred with great b ity, that the heat of boiling water 
rarifies air one third part beyond its former bulk. It may perhaps be al- 
ledged, that the air collected in the top of the glaſs 2 in the former 
experiment, had been imbibed out of the water, while preſſed by the at- 
moſpherical weight on the neck of the veſſel: in effect, by means of the 
ſlowneſs wherewith the veſſel fills, a part of the water which firſt enter'd, 
is in a vacuum greater than that of an exhauſted receiver, while the cavity 
of the y_ continues filling; in conſequence whereof, of the air in- 
termix'd with the water muſt extricate itſelf, ruſh into the vacuum, and 
there collecting, hinder the entire repletion of the veſſel.— But on 
the other hand, let it be conſidered that all the air which thus diſengages 
itſelf, and enters the vacuum, returns in a few hours, and is again abſorbed 
within the water, upon which the whole cavity of the ſphere becomes 
full of water alone; as has been well obſerved by Marriotte, and as 1 

hereafter ſhew in the hiſtory of air. Since, therefore, in the Pre- 

ſent caſe, the ſphere does not fill, tis evident that the ſpace not poſſeſſed 

y water, contains a quantity of true air, which the fire, however forcible, 
Was not able to expel, but only to dilate. | Wy 


COROLLARY . > Os OR 


57. Let it now be remember'd, how very ſmall the expanſion of iron dt * | 
Was found, even in a fire ſtrong enough to make it red-hot ; and on the 


contrary, how great the expanſion of air is, even by a ſlender heat, There 
| WB. | | 


Fire expands, 
but does not 


225 


totally expel 
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was a dilatation immediately found in iron by a ſmall fire, but it was tri- 
fling, and only diſcoverable by means of an inſtrument : but what a dif. 
ference ariſes in the rarifaction produced by the ſame ſmall degree of fire? 
No body is more eaſily affected by a ſlight fire than air, nor any body more 
difficultly fuſible, or expandibk to its greateſt bulk by fire than iron. 


COROLLARY III. 


A conſiderable 58. Hence we have an opportunity of exhibiting an agreeable and uſeful 
yxan pubs * phznomenon ; viz. to make any aſſignable increaſe of heat in the air 
to a given ſtandard; in order to which the a of the ſpherical 
ſegments in the above · mention'd inftrument muſt be increaſed, and the 

tube be longer, and its bore narrower ; by which means the ſmalleſt diffe- 

rence of heat will have a great and ſenſible effect in the tube. 


Ti COROLLARY IV. 

The natural gg. But ſince the greateſt natural degree of heat in the air is found in the 
22 ſcorching dog - days, and a ſultry ſky rarely reaches the ninetieth degree in 
„Mr. Fabrenbeit's thermometer; it appears that the = of ſuch heat has 
f known limits, which it ſcarce ever paſſes: ſo that all its natural variations 
are ſtill terminated within a declination below that degree: whence Drebbels 
thermometers become not only handy, but uſeful. But obſerve that the 
augmentations of the weight of the atmoſphere, muſt be remarked at the 

ſame time by the barometer z by ſuch means, with very ſmall trouble, ve 

may find out the minuteſt changes of a ſmall heat. 


COROLLARY V. 


The air al-. 60. If then we recolle& how eaſily air is dilatable and contractable by 
ways in me- the ſmalleſt increaſe or decreaſe of fire, and at the ſame time conſider the 
* pups viciſſitude thereof; it will ſeem to follow, that this air can never 
at reſt, but muſt always be moving in all its parts; ſo that even its laſt 

particles muſt be inceſſantly vibrating : and this will equally hold in that 

called open air, which is only — * by the weight of the incumbent 
atmoſphere, as in that ſnut up in cloſe veſſels. | 


EXPERIMENT IV. 


Decreaſe of 61. The ſmalleſt decreaſe of heat contracts air, on all fides, in its whok 

heat contract bulk, as well as in its ſeveral parts. | 
-— 62, This every where appears by the inſtances which were given in the 
i third experiment; ſince upon the fire's receding, the contraction was al. 
ways proportionably obſerved. | 


COROLLARY I. 


63. This contraction reduces it ſtill into leſs and leſs ſpaces, ſo long ® 


the fire decreaſes ; conſequently it appears impoſſible to define the _ 
2 r | P! J 
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pitch, or minimum of this ſpace; fince, as we have already obſerved, there 
is no expelling all fire out of air. This is very apparent in Drebbel's 
thermometers, when ſucceſſively expoſed to a gradual increaſing cold. 


COROLLARY II. 


64, The greateſt contraction, produced in any body by the ſtrongeſt 4ir fi in di 
cold, is leſs than the condenſation obſervable in the air, upon the leaſt de- pa the 
creaſe of heat any way cognizable by our ſenſes ; and conſequently air on 3 uy of 
this account likewiſe is fit for diſcovering the quantity of fire. | 


COROLLARY III. 


6;. Again, therefore, any the leaſt diminution of heat, or increaſe of 
cold, may be made viſible, even in a given meaſure, by converting the third 
corollary of the third experiment. 


COROLLARY IV. 


66. The uſe therefore of the air-thermometer becomes the more conſpi- % #s 4 


cuous and eaſy, by how much the 7 degree of cold has been more — ry 
0 


certainly determin'd by experiments of artificial freezings, as well as by ob- ard artif- 
ſervations of the ſtrongeſt natural cold in winter, " cial ? 

67. In that ſevere cold of the year 1709, the liquor of Fabrenheit's ther- 
mometer in Iceland ſtood at the firſt number; whereas in the preſent year, 


in a morning, in the garden of this univerſity, I have uſually found it about 
the fifth diviſion. 


68, But all the artifices hitherto known and tried, have never been able 
to produce an icy cold in ſummer-time, without the uſe of water firſt frozen, 
in form either of ſnow, ice, hail, or hoar-froſt, though they have ſome- 
times approached near it. But when the weather growing colder, begins to 
tend towards the freezing point, the water is ſufficiently cold for the ex- 
2 to ſucceed. There have been divers very operoſe experiments tried, 
or producing the moſt intenſe cold within the reach of art. 

69. The chemiſts have long ago obſerv'd, that ſome ſalts, at the very 
moment of their diſſolving in water, produced a greater degree of cold than 
was in them before the mixing. The chief falt, uſed for this purpoſe, is 
common /al-ammoniac well purified. I put four ounces of this, reduced 
to a fine dry powder, in a db dry glaſs-veſſe] well corked in the night- 
time, and immerging the veſſel with its contained falt, thus ſecured from any 
wet, in clear water, expoſed to the cold air, that every thing might be equally 
cold, viz, the ſal-ammoniac, water, and glaſs ; in the — applied 
Fabrenbeibs thermometer in this water, till the cold which it diffuſed made 
the liquor ſtand at the 53d degree above O; then dropping in four ounces of 
a/-ammoniac, equally cold with the water, into twelve ounces of this water, 
and at the ſame time ſtirring and mixing it briſkly with a ſtick, in a cylindric 
glaſs veſſel, the liquor preſently ſunk in the thermometer from the 53d to the 
23th degree; yet the air at that time was hot to the 51ſt degree: whence it ap- 

Gg 2 pears, 
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pars, that a ſubtriple quantity of /al-ammoniac, diſſolv'd in water, increaſes 
cold by 28 degrees of that thermometer, 
With dar! 79+. After this manner we may always be able to make an artificial froſt, 
7» the praduc- While the heat of the weather does not exceed that mark'd the 60th degree 
tion of ice, and in the thermometer. For it has been obſerved, that at the ſame point of 
fartter. time, when the temperature of the external air reduces the liquor of the 
thermometer to the 32d degree, the water being then reduced to the ſame 
temperature preſently freezes. As the cold therefore grows gradually greater 
from the 6oth degree to the 32d, we may by the ſame artifice raiſe an in- 
tenſer cold than is neceſſary for the turning water into ice. 
71. When water, therefore, is become ſo cold as to reach the gad de. 
e, this mixture will produce cold to the 4th degree; but if the artiſt, 
having cool'd the water to 28 degrees by the firſt ſolution in a large veſl:], 
place another leſſer veſſel full of water in the ſame lixivium, and thus by 
means hereof, when it has attain'd its greateſt coolneſs, reduces the water 
to the higheſt cold capable of being given it by the cold of the firſt lixi- 
vium, which remains cold a long time, and then immediately take freſh 
fſal-ammoniac, likewiſe cool'd, in the glaſs within the ſame lixivium, and 
mix it again with the cooleſt water, he may in a ſhort ſpace of time, even 
in the hotteſt weather, produce a cold greater than any that has been known 
in this country. And after having by ſuch a proceſs produced ice, he may 
raiſe the cold ſtill farther, by mixing it with-freſh cool'd /al-ammoniac, and 
| thus at pleaſure produce, in the middle of ſummer, an intenſe cold, ſur- 
| paſſing that of the ſevereſt winter. 
The frerzing- #72. Theſe things it will be neceſſary rightly to comprehend, it being 
Point difficult ve difficult to exhibit to the eye the degree of cold wherein ice begins 
ie offerve. to form: for heat and cold once given to a body, adhere long to it before 
they quit it; nay, and by how much bodies are more denſe, by ſo much the 
longer do they retain their heat, as will be ſhewn hereafter, When the 
air, therefore, is in ſuch a ſtate as keeps the thermometer at 32 degrees, 
water will not freeze; ſince water, being upwards of 800 times denſer than 
air, remains warm a conſiderable time from the heat which it had before im- 
bibed, after it has undergone a new impreſſion of cold. If any perſon, 
therefore, is curious to know in: what degree of coldneſs water begins to 
freeze, let him firſt ſuſpend a thermometer in a free open air on all fides; 
for I have found that if it be hung againſt a wall, or the like body, the 
warmth of ſuch bodies will have an effect on the thermometer. After he 
has thus carefully noted the degree of warmth of the air by the thermometer, 
let him expoſe water to the air, ſo as the ſmalleſt quantity of water may by 
its extenſive ſurface come in contact with the air; which may be commo- 
g diouſly done by wetting a thin linnen cloth with clear water, and thus hang. 
p ing it for ſome time in the air: for in this caſe the linnen will grow ſtif 
| upon the firſt acceſs of the freezing-cold, and thus ſhew, that the water * 
22 beginning to turn to ice. This I have found by experiment to obtain about 
| the 33d degree; and at ſuch degree will water freeze, unleſs hindered, 
either by ſome neighbouring body, or by the. heat itſelf had before 
zmbibed. ki * | * po ; 
| 75 


The Theory of CutMisTRy, 229 


73. Hence we deduce the cauſe why hoar-froſt is found long before ice; The infant of 
being only an icy moiſture, diffuſed over the wide ſurfaces of thin bodies, /reezing in- 
as graſs, leaves of plants, and other roughneſſes of the ground. It has alſo 7 I 
been long ago obſerved, that the firſt approach of the winter's cold is per- : 
ceived by a hoary whiteneſs ſpread on the arches of bridges, while the 
ſtreets, and the water itſelf, ſhew no figns of freezing; it being here ob» 
vious, that the arch of a bridge, ſuſpended on all fides in the air, receives 
the coldneſs of the ambient air on all quarters. And accordingly the fame 
is found to thaw very early. But other groſs bodies, retaining their heat 
long, only receive the cold of the contiguous air by their extreme ſurface, 
the impreſſion whereof is gradually propagated through their ſubſtance, to 
the centre of gravity ; ſo that in every different part thereof there is a dif- 1 
ferent degree of cold, till the body have remain'd long enough, in this cold- g 
neſs of air, for its whole maſs to have acquired the ſame uniform de- 
gree; though the exact time when this happens may not be eaſy to 

n. | 

74. From all this we infer, that the utmoſt pitch to which cold is 
brought by natural means, is at O in the thermometer; and that the ut- 
moſt to which art may bring it by diſſolving ſalts in cold water, is three or 
four degrees. 

75. But the unwearied — of M. Fabrenbeit has diſcovered ſome - 
thing ſtill further, which would hardly have been credited heretofore; an 
account whereof, as I received it from the author, I will here gratify the 
reader with; not doubting but that all who love phyſical inquiries will give 
him thanks for it. 

76. The hard winter of the year 1729 afforded an N % of mak- 4 ferprizing”. 
ing experiments for producing degrees of cold; among which it fortunately 2 
came in his mind to try what the event would be, if ſpirit of nitre, made z, Fahren- 
very ſtrong, ſo as its weight to that of pure water might be as 1409 to 1000, heit. 
and the heat of each 48 degrees, were poured upon ice. He therefore poured 
two ounces of ſuch ſpirit of nitre upon a quantity of ice ground very ſmallz 
the effect was, that in a. mament's time a degree of cold was produced, 
which upon immerging the thermometer in the mixture, ſunk above four 
degrees below O. His expectation being raiſed by ſo extraordinary an event, 
he proceeded to make a quickſilver thermometer, eaſily ſenſible of the leaſt 
diverſity of heat, and carefully divided into parts viſible enough, but ſo 
contrived as to have in the cylinder over the ball 76 degrees mark*d below 

Then 7 ounces of the ſpirit of nitre above-mentioned; reduced to the 
degree of coldneſs of the atmoſphere, which was then 16 degrees, being 
Poured on ſome ice finely ground, the thermometer immediately ſunk 30 

egrees, viz.. from 16 degrees above O, to 14 degrees below it: the ther- 

mometer being then left at reſt, the liquor ſwimming a-top of the melted ice 

was poured off, and new ſpirit of nitre poured on the ice remaining undiſ- 

ſolved ; _ which the thermometer immediately ſunk to 29 degrees below 
0 


O which done, for want of ſpirit of nitre, the experiment could. be pro- 
ſecuted no further at that time. , . , F 


Tm 
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77. Spirit of ſea-ſalt therefore, cold in 17 degrees, being poured on ice 
ground ſmall, the thermometer preſently ſunk to 8 degrees below O; then 
the melted liquor being poured off, and new ſpirit of ſalt poured. on, the 
remaining ice thus cooled, the thermometer ſunk 14 degrees ; beneath O. 
Having ſeen thus much, the ingenious a thor concluded, that fo extraordi- 
nary an experiment ſhould by all means be proſecuted ; and therefore went 
to work again with the fame ſpirit of nitre; but the atmoſphere was now 
.come to the point of thawing, which put him upon thinking on a way of 
preſerving the cold already produced. To this end he procured three veſſels 
made of thin plates of iron of a cylindrical figure, about 6 # inches wide; 
and in theſe he put three cylindrical glaſs veſſels 3 inches wide, ſo as to 
leave a ſpace of about 1+ inch vacant between the glafs and the iron plate; 
the bottom of the glaſs veſſel was at a like diſtance from the bottom of the iron- 
plate veſſel. This ſpace, left between the two veſſels was carefully filled 
with cotton; in order that the cold might be retain'd the longer, and the 
warmth of the air prevented from too ſoon interrupting the generated cold, 
Theſe three veſſels being ready, and thoſe of glaſs filled with powder 
+ ice, he placed glaſs tubes in them + of an inch wide, and full of ſpirit cf 
| nitre; warm in a degree of 32; pouring off the water which ſprung from 
the ice very carefully, This done, ſpirit was poured on the ice, when the 
3 thermometer ſunk no further, and what was liquified thereby inſtantly pour'd 
8 off from the refrigerated ice, and immediately afterwards the ſpirit of nitre, 
which in the mean while was equally cooPd in the other veſſels, as in this by 
the affuſion of ſpirit of nitre upon ice; by which means the ſpirit was always 
kept extremely cold. Thus pouring the ſpirit on the refrigerated ice four 
times, and as often carefully clearing it from the floating fluid, the ther- 
mometer was at laſt found to fink 40 degrees below O; — by this time the 
ſpirit of nitre had been ſo acted on by the cold, that it form'd itſelf into 
kind of ſharp ſlender cryſtals + an inch long, appearing as if frozen, and no 
longer fluid, ſo that it could only be got out of the tube by force and ſhak- 
ing it; yet no ſooner did the ſpirit thus thicken'd touch the ice, than it im- 
mediately melted, and the ice with it; the mercury at the ſame time fink- 
ing from 37 _— below 40. 2587 

78. If pot-aſhes be mixed with powdered ice, a cold may be produced 
degrees below O. 

79. No- body could have imagined any thing like this. Nature never pro 
duced a degree of cold beyond O; which in effect is ſevere enough to kill both 
animals and vegetables inſtantly ; yet art has brought it 40 degrees further 
Now when to 32 degrees, which is the freezing point, we add 40 degrees 
the heat produced in the air is too vehement to be bore for any time, 

| out frequently refreſhing and cooling one's ſelf by turns. Hence we learn, 
__- that cold, capable of freezing water, may be increaſed 72 degrees further. 
4 What muſt become of things if the like temperature were found in any pu 

of the globe? We find then, that ſtrong ſpirit of nitre may be frozen. We 

alſo ſee mercury ſo condenſed, as to take up leſs ſpace by almoſt 27 part 

of its bulk ; and we further know, that this wonderful body, though in ſo 


vehement a degree of cold, and ſo much condenſed, continues equally — 
mova 
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movable, and dilatable as before; and we know that the ſame body, from 4½ incredible 
theſe 40 degrees below O, to 600 degrees above it, at which it begins to boil, e 9 
has ſhrunk 640 parts of its whole bulk 10782 ; conſequently, that its js. in 
ight may be render d about £ ſpecifically heavier or ligh 5 
per weig y — ſpe y er or lighter, merely fre. 
by the degrees of heat and cold already known. All this we learn by expe- 
riments ; and thus find mercury ſenſibly brought nearer, by means of cold, to 
the ſpecific gravity of gold. And who ſhall determine what further degree 
of cold may be excited by other latent powers, either of nature or art ? 
Who can ſay what changes would befall ſolid and fluid bodies, if detain'd 
in ſuch degree of cold? T will doubtleſs be worth while, having diſcovered 
ſuch a cold, to examine all kinds of bodies in it, for the promoting of na- 
tural knowledge. Infinite things might doubtleſs be diſcover'd by means of 
ſuch an invention. In the mean while, let the excellent author have his due 
raiſe, who firſt broke the ice, ſhew'd the way, and afforded us helps 
or going further. 


COROLLARY V. 


80. Hence alſo appears the converſe of the fifth corollary from the third 
experiment; viz. that air ſcarce reſts a ſingle moment, neither when open, 
nor even incloſed in any veſſel. 


EXPERIMENT V. 


$1, Pure ſpirit of wine expands every way, in its whole bulk, by a ſmall 
degree of fire. 

82, Of this we may have a viſible proof, by taking a glaſs- veſſel, capable of 
holding 1933 parts of this ſpirit; and terminating in a narrow cylinder care- 
fully made, which contains 96 of the ſame parts, whereof the lower contains 
1933; the eylinder being withal divided into numbers correſponding to thoſe 
parts, In ſuch an one the ſpirit was contracted to the firſt number by a ſharp 
froſt, in a very cold place, in the year 1709; but upon applying the warmth 
of a healthy man to the veſſel, it expands to the 96th number in the cylinder, 


{| and fills it ſo far with liquor. 


> COROLLARY I. 


83. In this inſtrument, therefore, ſpirit of wine, under the greateſt natural De expanſion - 
cold hitherto known, expands itſelf by the vital warmth of a human body to? 1 9, 
the 20th part of its bulk, In the mean while it muſt be obſerved, that in this i 12 
experiment, the inner cavity of the thermometer is ſuppoſed to have conti- boch. 
nued the ſame; whereas, in reality, this alſo muſt have been dilated, confor- 


mably to the ſecond corollary of the ſecond experiment. 


COROLEAN T II. | 
84. Hence, if the proportion of the capacity of the inſtrument in the ſeve- Diffenlty of” 


aſcertaining 


reſt cold, to the capacity of the ſame under a degree of vital warmth, could % rarffac. 
be ian of fluids... 
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be accurately known, we might thence learn the true ratio of the increaſe of 
the bulk of liquor, anſwering to the increaſe of fire between thoſe two inter- 
vals ; fince the difference of the two capacities would give the degree of 
the dilatation. 
33 COROLLARY Hl. 
Fluidi hea- 85. If therefore the pureſt ſpirit of wine, about the poles of the earth, 
— . — could be hydroſtatically compared with the ſame between the tropicks, tis 


nde evident there would be a conſiderable difference between the ſpecific gravities 

aubence the in thoſe two places. Tis certain, that all fluids are heavieſt about the poles, 

ob/ate ſpberoi. and lighteſt near the equator ; which 4 may be one cauſe of the flit 

dical ure & ſpheroidical figure of the earth; ſince the ſame bulk near the poles, is equi- 

the earth. . : l ; 
valent in weight to a larger bulk at another place, each tending with an 
equal force to the common centre. 


PCEPORDELELARST TI. 


And the fai- $6, From theſe obſervations we alſo learn, that ſuch veſſels, fill'd with 

lure ef baro- Iiquids of this kind, are always leſs full in winter than in ſummer z fince the 

4425 ſolid parts of the veſſels do not dilate ſo much by the ſame degree of fire, 
as the liquids themſelves. This. the chemiſts have often found to their 
coſt ; by filling veſſels in winter-time, and froſty weather, up to the top with 
liquors, often of the moſt precious kinds ; the force of the ſummer's heat 
having either penetrated through the cork, or driven it out, or even burl 
the veſſels. This may teach them never to fill veſſels in the ſeverity of 
the winter ſo high, but to leave the eighteenth part empty; or otherwiſe to 
warm the liquors and the veſſel itſelf, to a degree equal ta what may be ex- 
pected in the middle of ſummer, 


COROLLARY V. 


The E If the ſpirit of wine be further heated, ſo as to be ready to boil, i 
1 7 willriſe to 174 parts in the cylinder; in which caſe it muſt be expanded about 


the eleventh part of the whole; and from what has been obſerved in tht 
firſt corollary of this experiment, it muſt even be expanded more. By the 
way, it may be noted, what a difference it would make between a 1 
buying ſpirit of wine by meaſure in the coldeſt time of winter, and the hot · 
teſt of ſummer. If we ſuppoſe the ſpirit at 40 d below O in the 
greateft cold, and at 174 above O when it begins to boil « *tis evident the 
may be a difference of 214 degrees in 1933 parts; and conſequently the Ir 
quor be contracted and expanded to ; part oi the whole balk. 


COROLLARY VI. 


Ebullition the 88. When the ſpirit of wine is brought to boil, the extreme part of 's 
loft ark of ſurface flies off; and while this is continually doing, the vapour ſpreads It 
rari/atien. ſelf in the vacuum above, which by this means grows ſtill denſer and denſer; 

ſo that the further progreſs of the expanſion cannot be eaſily obſerved: 


_ 


when 
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when the veſſel of the- thermometer is open'd above, the rarified va 


immediately exhales ; which hinders our learning how far it may then be. 
dilated. 


COROLL ANCE: Yah 


855. Spirit of wine therefore can ſcarce ever be abſolutely at reſt : for Alcobolinper- 
whether it have air, or the Torricellian vacuum over the containing veſſel, it 2 . 
will always either be dilating and reſolving into vapours, or contracting, and + 0 hes oy 
thus reducing the vapours into ſpirit again; unleſs we can ſuppoſe the ſame . 
degree of heat and cold to remain unchang'd: or if it be contain'd in a veſſel 
open to the air, it cannot even then be at reſt, but, as we have already ob- 
ſerved of air, muſt be ſubject to continual ſyſtoles and diaſtoles, as the heat 
of the atmoſphere is alternately increaſed and diminiſhed ; eſpecially while ei- 
ther of hobo prevails in its higheſt degree, which vs rarely of long duration. 

Hence alſo phyſicians may learn, what frequent, evident, reciprocal ofcilla- 
tions may be produced in the human body, from the parts of ſpirit of wine 
mixed with its juices, and ſometimes driven through the arteries, and heated 


by their attrition, then again freed from preſſure in the veins, and by this 
means cool'd : All which it will be eaſy to deduce. | 


EXPERIMENT VI. 
$6. The lighteſt 2 


| ureſt ætherial oil of turpentine expands every way Oil of turpen- 
in its bulk upon the (ſmalleſt increaſe of heat. tine dilatable 
87. This may be ſhewn by a ſpherical phial, terminating in a long narrow ty beat. 
cylinder, the body whereof is filled to the beginning of the neck with the 
oil above-mention'd ; for immerging this body in a veſſel full of water of 
equa] coldneſs with the oil ſelf the oil remains at the fame height; but 
placing the veſſel with the water and the glaſs-body over a fire, made in an 
iron furnace, in proportion as the water, and conſequently the oil in the body, 
rows gradually hotter and hotter, the oil itſelf riſes in the neck of the lab, 


o as ſcarce to remain two moments at the ſame height. That it may be 

obſerved to better advantage, the phial may be kept thus till the water boils 

in the veſſel, when the oil will remain at a and, and riſe no higher, nor 

even fall, though kept a conſiderable while in the boiling water. And though 

the fire about the veſſel be increaſed, ſo as to make the water boil more 

ſtrongly, the oil will till remain unmov'd in the glaſs. Nay, even the mer- 4 boiling brat 
curial thermometer does not here riſe in the leaſt z which abundantly confirms ” * 
the fine diſcovery of M. Amontons, which indeed meets with daily confir- — 

mations in all kinds of obſervations, and all forts of hot liquors. And avithout cm- 

here the candour, which I truſt will ever accompany me, obliges me to own, freer. 

that nothing I have met with has given me a greater inſight into the nature 

and properties of fire, and its uſe in chemiſtry, than this extraordinary ex- 

periment of that illuſtrious author ; which you may conſult in the original, 

2 Memoirs of the Academy of Sciences. There he ſhews, that water 
tated to a degree of boiling, will 17 conceive any further heat, how much 

; h 8 


ſoe ver 


234 The Theory of CHEMIST Rv. 


ſoever the fire be increaſed. Yet this excellent diſcovery may receive a con. 

ſiderable improvement, from what M. Fahrenheit has obſerved, viz. that 

the heat of the ſame boiling water is always regularly greater, by how mucl 

the weight of the atmoſphere is greater which preſſes on its ſurface ; and again, 

that the ſame heat of the boiling water diminiſhes, as the weight of the in. 

cumbent atmoſphere grows leſs. Hence, in marking the degree of hcat cf 

boiling water, it will be neceſſary to note the weight of the atmoſphere at the 

ſame time, by the barometer z otherwiſe no certain meaſure will be expreſs, 

In the mean while it muſt be allow'd true, that boiling water, while the 

weight of the atmoſphere remains the ſame, becomes no hotter ; whatever 

increaſe be made of the fire : with which emendation M. Amonton's rule will 

"The different for ever hold true. If the greateſt difference of the weight of the atmoſphere 
weigh of the be three ounces, the greateſt degree of heat in boiling water under thoſe diffe. 
atmyſpvere. rent weights will be eight or nine degrees ; from whence the author evidently 
deduces, that by how much the particles of water are more compreſs'd to each 

other upon increaſing the incumbent weights, by ſo much the more fire is te- 

uired to make them recede from each other; wherein ebullition conſiſts, 

ence alſo he finely concluded, that a thermometer applied in boiling water, 

would mark, by the degree of heat produced therein, the gravity of the atmo- * 

2 at that time; and conſequently, that this might be accurately enough 

und at ſea, where the common barometers are too much ſhaken to be 

of uſe, by marking the ſeveral degrees of increaſe of heat on a thermometer; 

which would not be difficult to effect. Hence alſo, it may be inferred, that 

our atmoſphere itſelf is the more heated by the ſun's rays, by how much it 

is the more preſſed, that is, the nearer it is to the ſurface of the earth; and 

the leſs, by how much the preſſure of the atmoſphere is leſs, that is, the 

higher we go from the ſurface of the earth. This is alſo confirm'd by expe- 

riments; which ſhew that on the tops of the higheſt mountains moſt ex- 

ſed to the fun, and never cover'd with clouds, an intenſe cold ſtill prevails, 

© that the ſnow remains ſolid, and unmelted by the action of the ſun-beams. 

The like may be further evinced from an eaſy experiment: under a glals te- 

ceiver of an air-pump place a phial full of water, warm in 96 degrees, ex. 

tract the air Ns. and as the atmoſphere diminiſhes, you will find a 

ſenfible ebullition raiſed in the water; which will be ſuppreſs'd again, as ſoon 

as the air is re-admitted into the veſſel, Hence again we may note at wh! 

degree warm water begins to boil, according to the ſeveral degrees of th: 

weight of the atmoſphere, mark'd on the gauge of the air-pump. Many 
extraordinary diſcoveries might undoubtedly be made on this principle. One 
conſiderable thing I cannot forbear mentioning : If water and air be inclo' 

Papin's di- in Papin's digeſter, out of which nothing can eſcape, and thus made to bot), 
gefter. the water will be expanded i, and the air 4: conſequently the water ui 
be preſs'd, as if it had ten inches more than the common atmoſphere up" 

it; ſo that boiling water in this engine, will be thirty degrees hotter than 

ordinary, on this ſingle account; to ſay nothing of any further incaleſcence 

The cauſed by the motion and attrition of the particles of water and air within 
oil mea- one another in the veſſel ; ſo that *tis no wonder ſuch ſurprizing effects 


fared, mould be produced. If now we would examine by the balance, what * 
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portion of the oil expanded by boiling water, is to the ſame oil as it was 
before, we may proceed thus : the oil filled the glaſs body up to the top of 
the neck, when the water, glaſs, oil, and air, were at 52 degrees of heat by 
Fabrenheit's thermometer; and when the water boil'd, and the oil ceaſed 
riſing, the degree on the thermometer was 212; at which time the oil had 
riſen in the neck to that mark. If, now, I weigh the veſſel thus far fill'd 
with oil, again reduced to 52 degrees of cold, and then emptied to the body, 
and again weigh the oil in the body, I ſhall find the oil expanded to a large 
part of its bulk. Yet it may be proper to note, that no regard is here had to 
the ſpace by which the compaſs of the glaſs is dilated; which having been inti- 
mated above, Coroll. II. Exper. V. I ſhall for the future take no notice of. 

88. If it be aſked, why I here undertake preciſely to define the limits 
of the heat of boiling water in oil of turpentine, which I did not in the 
former experiment; my anſwer is, that ſpirit of wine boils with a much leſs 
fire than water; but as ſoon as the boiling begins, its expanſion can no longer 
be meaſur d. See Coroll. V. Exper, V. But oil of turpentine, though much 
lighter than water, cannot be brought to boil by the greateſt heat of boiling 
water, but remains perfectly at reſt in this degree of heat; ſo that the dilata- 
tion may conveniently be mark'd in it. | 

89. In the mean while we may obſerve ſomething very extraordinary in 
the phznomena of boiling _ Spirit of wine boils ſooner than water in 
a ratio hereafter to be aſſign'd; yet water boils much ſooner than oil of tur- 
pentine. May this be aſcribed to an affinity between fire and inflammable 
oils; or is it rather owing to the greater or leſs weight of the boiling fluid; 
or laſtly to the greater or leſs tenacity of the parts, and their cohefion with 
one another? You will find hereafter a multitude of things alledg'd, in 
order to ſolve theſe queries; by which I believe it will appear, that all 
the above matters are to be taken into the conſideration ; Ns prot ns that 
the variation of the weight of the atmoſphere is here of ſome conſequence (7). 


EXPERIMENT VII. 


90. Pure rain - water being gradually heated, dilates ſtill further at every The rarifac- 
increaſe of fire; and this every way, and in its whole 7 This may“ of boiling 


alſo be ſhewn in a glaſs-body, where the dilatation is ſffficiently con - 

ſpicuous, as extending to xs of its whole bulk: for from tile 56th degree 

of heat to the 212th, it keeps continually aſcending ; but arriving at that de- 

wy; and conſequently ſtops; having now acquired the expanſion above- 
on'd, 


* 


EXPERIMENT VIII. 


0 91. Quickſilver eaſily dilates by the application of heat. This appears The rari '\ 
7 an elegant thermometer made at my requeſt, by that excellent mechanic 2% of quict- 

an. Gab. Fabrenbeit. The lower cylinder of this thermometer contains e. 
e parts of mercury, which in the utmoſt cold obſerved in Iceland, wg 
reach'd to the mark O; from whence the further degrees of heat are com- 


(/) See Newton? ; Optice, Exper. 7. H h 2 puted, 
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8 Now if this be immerged in a veſſel of water gradually 
eated, the mercury will be found continually to aſcend till the water come 
to boil; upon which the mercury remains immoveable, having reach'd 
the- number 212, and ſomewhat more; ſo. that ſetting aſide the dilatation 
of the glaſs, it now poſſeſſes 11336 ſpaces, of which in the greateſt cold it 
only poſſeſsd 11124 ; fo that by this difference of heat the bulk is dilated to 
1 | | | 

$23— 250 
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; COROLLARY 1. 


The rarifac- 1 92. After the ſame manner a ſtrong lixivium of ſea-ſalt, nitre, and of fix 
tio of "other alcaline ſalt, is expanded by heat; and even all liquors that have hitherto 


liquors. 


been try d; ſo that air, ſpirit of wine, oils, water, faline ſpirits, lixiviums 
of ſalts, oil of vitriol, and mercury are ſubje& to this law. | 


COROLLARY 1. 


| s cauſe which dilates theſe bodies penetrates glaſs, and all other 
and thus enters the. liquors. | ; 
A” COROLLARY III. 


ſam .cauſe alſo ariſes from that univerſally called heat, or fire. 
„ cHoOoLI VM. 


. + $4 
” 3 fi « 
«5 ns 


| 95. f 2 therefore, I: ſhall call that unknown thing which 


+ has this property of penetrating all folid and fluid bodies, and dilating them 


ſo:as to take up more ſpace, by the name of fire. In effect, I do not re- 
member any body hitherto known, which has all theſe conditions except 
fire alone. On the contrary, fire is never known to be preſent in any body, 
but it immediately produces theſe two effects. Add, that in proportion as 
it is increaſed, the expiinſion af bodies is alſo increas?d. Now ſuch a cr 
terion ſuffices, in phyſical matters, to denote and. diſtinguiſh particular bo- 


dies by: nor are nc en marks but of this kind for that purpoſe; 


whatever ſome fanciful*phuloſophers may imagine. It therefore imports 


us carefully to denote thoſe properties, which we are able to diſcover in 
fire ; the firſt of which ſeems to be, that it exiſts always, and every where, 


as will be clearly ſhewn by the following experiment. 


The fot wy 
22 22 


EXPERIMENT IX. 


96. In- the coldeſt” ſeaſön and place, lay one denſe iron-plate upon an- 
other, bath of them being cold, and preſs the upper on the lower, by laying 
a weight thereon. then rubbing the one briſkly over the other by reciprocal 
motions, they will firſt grow warm, and at length hot; ſo as in a 
time to emit ſparks, and at laſt grow red-hot, as if taken out of a vehe- 
ment fire. 
| COROLT 
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COROLLART.L 


97. This production of fire will hold in every ſeaſon z nor does it matter, 
whether the weather be hot or cold, excepting that by how much the bo- 


dies are contracted by cold, the greater heat they will conceive ; ſuppoſing 


other circumſtances the ſame. 


COROLLARY IL 


98. Nor is there any place wherein the ſame effect will not obtain, ei- 
ther on the tops of the higheſt mountains, or in the deepeſt caves; in the. 
warmeſt or the coldeſt place; though the heat ariſes quicker and ſtronger in 
dry, and flower and in a leſs degree in moiſt places: and the like may alſo. 
be done in any kind of ſolid bodies. 


\ 


COROLLARTI” I, 


99. Accordingly, bodies may be heated by mutual friction in a vacuum ĩtſelf ; 


as fully appears by accurate experiments of the ingenious Mr. Haukſbee ; Which 
have alſo been happily improv'd by. my worthy collegue, F. G. £Graveſande,. 
who ſeems to have been form'd for ſuch inquiries, and by whom phyſical 
knowledge is every day enlarg'd. | a 


COROLLARY IV. 

100. But there is nothing more worthy of notice, than that fire generated 
after the manner above-mention'd, ſhould. penetrate all kinds of bodies, 
even the denſeſt; warm, expand, burn, melt, make them ſhine, glitter, 
and, in fine, perform all the effects known to be produced by true fire. 
Yet it is here generated without any pabulum, or without any, pre-exiſting 
fire, whence it might be raiſed ; as in the uſual manner, where fire is kin- 


dled from fire, and flame from flame. We may therefore-ſafely conclude, 
that this matter is real fire, n 5 | 


COROLLARY. V. 


101, It appears alſo, by conſtant obſervation, that by how much the bo- V. "Yr cauſe. 


dies rubb'd on each. other are harder and more rigid, the ſtronger fire they 
produce by their mutual attrition; ſo that the ſame body, as it is ſofter or 
harder, generates a very different degree of heat. Iron heated red-hot, ſo 
as to be ready to melt, being left to cool ſlowly in the air, in the middle of 
ſummer, becomes very ſoft and flexible; but if inſtantly immerged in cold 
water, its parts, which had been moved and made flexible by the fire, be- 
come compreſsd by the ſudden contraction, and are made to cohere much. 
cloſer together; by which means the metal becomes extremely hard, rigid, 
and-elaftic, It is known alfo, that iron thus harden'd by cold, becomes 
fitter for ſtriking. fire, than if it had been ſoften'd. If the hard maſſive 
ule . tree of a wind- mill be driven too vehemently round by a tempeſtuous 
wind, in its rigid ſocket, it will emit fire and flame z but by the interpoſi- 
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« fire, is inſtantaneouſl 
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tion of lead there is leſs danger of burning. By nimbly ſtriking a bard 
piece of ſteel againſt a flint, ſparks are conſtantly 8 which would 


not be the caſe if the colliſion were made with ſo 


(e) Sir Iſaac Newton, and the B phi- 
loſophers, account for the fire ariſing upon 
ſuch colliſion, on a different principle. They 
ſuppoſe it produced by putting the ſulphurous 
particles of thoſe two bodies in a vehement 
vibratery motion z by virtue of which motion 
they become hot and lucid, f. e. affect us with 
the ideas of heat and light. 

Bodies of any kind being violently moved 
againſt one another, will grow hot by friction, 
and this to a conſiderable degree ; which 
ſhews, that all bodies have fire in them. For 
fire may be put in motion, and ſeparated from 
a body, by ſuch rubbing ; but can never be 


generated that way ®. 


Quickſilver is allow'd the coldeſt of all 
fluids; inſomuch that many, ſays Mr. Boyle, 
deny that it will produce any heat by its 
„immediate action on any other body, and 
% particularly on gold: but ſeveral trials have 
*« aſſured me, that a particular mercury may, 
* by preparation, be enabled ſuddenly to in- 
s ſinuate itſelf into the body of gold, whe- 
ther calcined or crude, and become mani- 
* feſtly hot with it, in leſs than two or three 
% minutes F.” 777 

That quickſilver contains fire, is evident 
„hence, that if you ſhake it about in an ex- 
* hauſted glaſs, it will appear all luminous. 
« But for this experiment, tis neceſſary the 


mercury be very pure and defecate: if it 


have no tin mix'd with it, you may pu 

« it with boiling · hot vinegar 1. wa 
«© By an almoſt momentary percuſſion, with 

ts even of a vegeta- 

„ble may not be only intenſely heated, but 

0 brought to actual fire; as we have tried by 

«« ſtriking a good cane with a ſteel, or the 


back of a knife ; for upon this colliſion, it 


« would yield ſparks like flint. So likewiſe 
by ſcraping à good loaf” of ſugar, with a 
« knife, numerous ſparks will be produced; 


* but upon the collifion of a flint and ſteel, 


not only fire, but even vitrification, which 
* the chemiſts eſteem the ultimate action of 
produced : for the 
„ ſparks which here fly off, are uſually real 


« and permanent parcels of ſtone, vitrified by - 


„ the vehemence of the motion. And that 


* this vitrification may be of the ſtone itſelf, 
though Reel is of a far more fuſible nature, 


* I am induced to think, becauſe flints will, 


®* "Grave/and Phyfic. Element. 
3 iGrave/and ibid. . 
* /Graveſand Element, Phy/. Math, 


* 


t iron (g). 


Hence, alſo, 


we 


„by collifion, ſtrike fire with one another. 
© The like alſo may be done with rock. 
« cryſtal, and even with diamonds, on the 
* mill whereby they are cut; though fire i; 
* not allow'd to fuſe them .“ 

A large glaſs tube, rubb'd on a linen or 
woollen cloth, will emit light in the dark; 
and the tube thus heated, acquires a ſenüble 
electricity *. 

A globe of glaſs eight or ten inches in dia. 
meter, being put in a frame where it may be 
ſwiftly turn'd about its axis; will, in turning, 
ſhine, where it rubs againſt the palm of the 
hand applied to it: And if, at the ſame time 
a piece of white paper, or white cloth, or 
the end of one's finger be held at the ditlance 
of about a quarter of an inch from that 
part of the glaſs where it is moſt in motion; 
the electric . excited by the friction of 
the glaſs againſt the hand, in ſtriking again! 
the paper, cloth, or finger, will be put into 
ſuch agitation, as to emit light, and make the 
white paper, cloth, or finger, appear lucid like 
a glow-worm ; and in ruſhing out of the glaſs, 
will ſometimes. puſh againſt the finger, ſo a 
to be felt ++. 

We muſt add, however, that the globe is 
to be firſt exhauſted of air; in which caſe, 
both the inner and outer ſurface will appear 
all luminous: if it be not exhauſted, t 
will no light be ſeen in the body itſelf, but on 
bodies at a ſmall diſtance from it. 

Hence, and from ſome other experiments of 
the like kind, Gra veſande infers, that the glak 
has a kind of atmoſphere in and about its fur- 
face, which is excited, and put into a vibra- 


tory motion by the friction; by which mo- 
tion the fire contain'd in the glaſs is expell d: 


and that this atmoſphere, fire, are more 
eaſily put in motion, and diſcover themſelves 


more readily, upon the abſence of the air . 


Mr. Boyle furniſhes various inſtances of the 
effect of friction in the production of heat: 
Having cauſed a piece of iron to be turm d, 
« and placing my naked hand at a convenient 
«* diſtance, to receive the little fragments, 4 
* they flew off from the rod ; they were ſo 
« intenſely heated, by the quick action of 
*« the tool upon them, that ſeemed al- 
% moſt like ſo many ſparks of fire. And an 
« expert workman in braſs aſſur'd me, that 
« the heat in the little fragments thrown 0 

« w 


+ Boyle Mech. Prod. of Heat. 
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we find that if any ſoft body be put between two hard ones, the ſtrongeſt 
attrition will ſcarce produce fire; but as ſoon as ſuch ſoft body is worn out, 


« when he turn'd that metal, were ſometimes 
« very offenſive to his eyes 3 and that, when 
« he employ'd a rough tool, which took off 
greater chips, he had found the heat ſo ve- 
10 — as not only to ſcorch his eye-lids, 
« but the hard ſkin of his hand *.” 

Of the mechanical produftian of heat. 

Many philoſophers have aſlerted, ©* That 
« heat is mechanically producible, which ap- 
0 probable from a conſideration of its na- 
« ture; which ſeems principally to conſiſt in 
« that mechanical property of matter called 
% motion ; but which is here ſubject to three 
© conditions, or modifications. 

« Firf,, the agitation of the parts of the 
« body muſt be vehement; for this diſtin- 
«« guiſhes the bodies ſaid to be hot, from thoſe 
„ which are barely fluid: thus the particles 
« of water, in its natural ſtate, move ſo 
„ calmly, that we do not feel it at all warm, 
**tho* it could not be a _ unleſs they 
« were in a reſtleſs motion; but when water 
* comes to be actually hot, the motion ma- 
e nifeſtly and proportionably appears vehe- 
© ment, ſince it does not only ſtrike our or- 
gans of feeling briſkly, but ordinarily pro- 
« duces numerous very ſmall bubbles, melts 
** coagulated oil caſt upon it, and affords va- 
«« pours, which by their agitation aſcend into 
„the air. And if the degree of heat be ſuch 
* as to make the water boil, then the agita · 
tion becomes more manifeſt, by the con- 
* fuſed motions, waves, noiſe, bubbles, and 
other obvious effects excited therein. Thus 
in a heated iron, the vehement agitation of 
parts may be eaſily inſerr d from the motion, 
and the hiſſing noiſe it makes with the drops 
of water that fall upon it. 

** But though the agitation be- various as 
well as vehe nent, there is yet a third con- 
bo dition required to. make a body hot : which 
n. that the agitated particles, or at leaſt 
the greateſt number of them, be ſo minute, 
„de de ſingly infanfible. Were an heap 
- of fand to be vehemently agitated by a 
„ wairlwind, the bulk of the corpuſeles would 
— keep their agitation from being properly 
ba heat though by their numerous ſtrokes 
„ Pen 2 man's face, and the briſk commo- 
. ton of the ſpirits, and their ſmall particles, 
which may thence enſue, they may perhaps 
/ produce that quality. 

The ſecond condition is, that the deter- 
„ mination be very various, and tend all man- 
ner of ways. This variety of deter mina- 


* Pojle Efets of Lan;uid Metion. 


O 
ce tions a to be in hot bodies, both b 
ſome of the inſtances already * 
sand eſpecially that of flame, which is a body; 
„ by the dilatation of metals when melted ; 
and by the operations of heat, exerciſed by 
hot bodies upon others, in what poſture or 
* ſituation ſoever the body to be heated there- 
« by, is q”_ to them : thus a coal tho- 
roughly kindled, will 2 on all ſides 
* red, and melt wax, and kindle brimſtone ; 
„ whether the body be applied to the upper, 
the lower, or to any other part of it. 
Hence if we duly attend to this notion of 
the nature of heat, tis eaſy to diſcern how it 
may be mechanically produced ſeveral ways ; 
for, except in ſome few anomalous caſes, by 
* whatever means the inſenſible parts of a 
* body can be put into a very confuſed and ve- 
«+ hement agitation, heat will be introduced 
into that body. And as there are ſeveral a- 
«« gents and operations, by which the heating 
* motion may be excited ; ſo there muſt be 
* ſeveral mechanical ways of producing heat. 
Various experiments may be reduced to al- 
* moſt each of theſe heads; chance itſelf hav · 
ing, in the laboratories of chemiſts, afforded 
*« ſeveral phznomena, referable thereto +.” 
Conſiſtent with this is the ſyſtem of the 
Lord Bacon : that noble author is ſo far from 
imagining any particular body neceſſary to 
exhibit a phznomena and effects of fire, 
that he undertakes to aſſign preciſely the me- 
chanical cauſe cf heat, and point out the 
means neceſſary to generate it in any body, 
without ſuppoſing any pre-exiſtent fire at all. 
From a particular enumeration of the ſeve- 
ral phænomena and effects of heat, he de- 
daces, (1) That heat is motion : not, that 
motion generates heat, or heat motion; tho 
in many caſes, this be true: but that the very 
thing heat is very motion, and nothing elſe. 
But this motion he ſhews has ſeveral pecu- 
liar circumſtances, which conſtitute it heat. 
As, (2) That it is an expan/roe motion, where- 
by a body endeavours to dilate or ſtretch into 
a larger dimenſion than it had before. (3) 
That this expanſive motion is directed towards 
the circumference ; and at the ſame time wp» 
wards ; which rs hence, that an iron 
rod being er in the fire, will burn the 
hand that holds it, much ſooner than if put 
in laterally. (4) That this expanſive motion 
is not equable, and of the whole, but only of 
the ſmaller particles of the body ; as appears 
from the alternate trepidation of the warn” | 


+ Boyle Michan. Origin of Heats: 
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ſo that the ſurfaces of the two hard 
ariſes. So if two iron-plates, ſmear'd 


of hot liquors, ignited iron, &c. Laſtly, that 
this motion is very rapid. 
Hence he defines heat, © an expanſive un- 

4% dulatory motion in the minute particles of 
« a body, whereby they tend with ſome rapi- 
« City, towards the circumference ; and at the 
s ſame time incline a little upwards.” Hence, 
again, he adds, that if in any natural body 
you can excite a motion whereby it ſhall ex- 
2 or dilate itſelf; and can ſo repreſs and 
irect this motion upon itſelf, as that the di- 
latation ſhall not proceed uniformly, but ob- 
tain in ſome parts, and be check'd in others; 
you-will generate heat *. | 
This ſyſtem is further ſupported by Sir , 
Newton, who does -not conceive fire as any 
ticular ſpecies of body, originally endued 
with ſuch and ſuch properties. Fire, ac- 
* cording to him, is only a body much ig- 
« nited, 1. e. heated ſo hot as to emit {gt 
4% copiouſly : what elſe, ſays he, is a red-hot 
iron than fire? and what elle is a burning 
% coal than red-hot wood? or flame itſelf 
* than red-hot ſmoke? "Tis certain, that 
« flame is only the volatile part of the fuel 
4 heated red-hot, . e. ſo hot as to ſhine: 
and hence only ſuch bodies as are volatile, 
« j. e. ſuch as emit a copious fume, will flame; 
* nor will they flame any longer than they have 
„ fume to burn. In diſtilling hot ſpirits, if 
« the head of the ſtill be taken off, the aſ- 
% cending vapours will catch fire from a can- 
« dle, and turn into flame. So ſeveral bodies 
**,much heated by motion, attrition, . fermen- 
* tation, or the like, will emit lucid fumes, 
„ which, if they be copious enough, and the 
< heat ſufficiently great, will be flame; and 
** the reaſon why tuſed metals do not flame, 
is the ſmallneſs of their fume ; for ſpelter, 
« which fumes more copiouſly, does like- 
<«-wiſe flame. Add, that all ing bodies, 
* as oil, tallow, wax, wood, pitch, ſulphur, 
c. by flaming waſte, and vanity inco buen: 


ing ſmoak +. 
„% And do not all fix'd bodies, when heated 
beyond a certain emit light, and 


« ſhine; and is not this emiſſion perform'd 
& by the vibrating motion of their parts? and 
do not all ies which abound with ter- 
* reſtrial and ſulphurous parts, emit light as 
«« often as thoſe parts are ſufficiently agitated, 
whether that agitation be made by external 


« fire, or by friction, or percuſſion, or putre- 


De Forma Calw. + Optics. 
% Boyle Mech. Prod. of Heat. 


ones come to touch, fire immediately | 


with oil, be rubb'd over each other, 
no 


e faction, or any other cauſe ? Thus ſea-water 
in a ſtorm, quickfilver agitated in de. 
* the back of a cat, or neck of a horſe 0 

* liquely rubb'd-in a dark place, wood, fleſh 
and fiſh while they putrefy, vapours from 
* . waters, uſually called g fatu;, 
« ftacks of moiſt hay or corn, glow-worms, 


— 


amber and diamonds by rubbing, (crapings 


* of ſteel ſtruck off with a flint, Oc. 

of Are not groſs bodies and light con- 
* yertible into one another; and may not bo- 
* dies receive much of their activity from the 
particles of light, which enter their com- 
* 32 I know of no body leſs apt to 
* thine than water, and yet water by frequent 
* diſtillations changes into fix*d earth; which 
Aby a ſufficient heat may be brought to ſhine 
like other bodies ||. 

It ſeems extravagant to talk of heating 
cold liquors with ice; but I have eafily dee 
it, by taking out of a baſon of cold water, 
* wherein ſeveral fragments of ice were ſwim- 
„ming, one piece or two, which 1 perceiv'd 
« very well drench'd with the liquor, and 
6 — immerſing them into a wide- 
% mouth'd glaſs. of ſtrong oil of vitriol : for 
* the menſtruum preſently mixing with the 
„% water which adhered to the ice, produced 
in it a briſk heat, ſometimes with a mani- 
«« feſt ſmoke ; and that ſuddenly diſſolving 
* the contiguous parts of the ice, and thole 
« the next, the whole ice was ſoon reduced 
0 to water; and the corroſive menſtruum be. 
« ing, by two or three ſhakes, well diſperſed 
*« through it, the whole mixture would im- 
„ mediately grow ſo hot, that ſometimes the 
* containing phial could not be endured in 
* one's hand. 

Though oil of vitriol be one of the molt 
« fiery liquors yet kown, and even performs 
% ſome of the operations of fire itſelf, and 
thai ice ſooner than the ſpirit of wine, ot 
* any other liquor; yet having put a 
of fine rectiſied oil of vitriol into a firon 
* — phial, proportionable to it, we f 
© that, except a little which was fluid at the 
top, it was all congeal'd or coagulated into 
* a maſs like ice, though the glaſs ſtood in 3 
„laboratory, where a fire was conſtant!y 
„ kept not far from it, and where oil of vi. 
* triol very ſeldom, or never, has before, or 
* ſince, been obſerved to congeal ſo'much a 


46 in part ## » 
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= obſerved, obtains even in the particles of fluids, 
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no conſiderable heat will be raiſed ; but after the ſides of the hard iron come 
to move briſkly on each other, an intenſe heat is preſently occaſion'd. 


102. If the bodies rubb'd together _ in other reſpects, that will al- 


ways be readieſt to yield fire, which conſiſts of the denſeſt matter; and that 
the moſt backward which is the rareft ; a property which holds univerſally in 
the generation of fire. But all circumſtances correſponding, a denſer and 
ſofter body, ſuch as lead, will not yield more fire by attrition than a hghter, 
but more rigid one, as iron: ſuppoſing the two equally rigid, the heavieſt 
will prevail, Hence it a dr why the Indian Sideroxylon, a wood moſt 
remarkable for its hardneſs and weight, not only ſerves them for weapons, 
but for the kindling a fire, by rubbing two pieces ſtrongly againſt each 
other. Add, that fire will be raiſed the ſooner by attrition, by how much the 
bodies rubb'd are harder and more weighty : thus the colliſion of flint and 
ſteel yields fire in a moment; whereas in lighter and ſoft bodies this requires 
ſome time, 


COROLLARY VI. 
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104. But the chief condition neceſſary to the producing fire by attrition N. con 
is, that the bodies, which are rubb'd on each other to this end, be ſtrongly ce. 


preſs'd againſt each other at the time of the attrition. For if an iron - plate 
be laid on another, ſo as only to preſs it with its own weight, and in this 


caſe the upper be mov'd, or worked on the under with a certain recipro- 


cal motion, ſome heat, though only in a ſmall degree, will be produced in 
each: but if ten pound weight be laid on the upper plate, and it be thus 
work'd with an equal motion as before, a much greater heat will Oy 
be perceiv'd ; and by thus increaſing the weights, the heats produced will 


| be increaſed in an extraordinary proportion, if the velocity of the motion 


ſtill remain the ſame ; ſo that at length, fire: may be produced by an inſtan- 
taneous motion or ſtroke, provided the two bodies be preſs'd ſtrongly, and 
mov'd ſwiftly on each other. Something of the like kind, we have already 


- 
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105, Laſtly, it is to be obſerved, that this fire, from attrition, is ſo much 23. third. 2 


e greater, as well as ſooner produced, by how much, all other circum- 
ſtances being ſuppoſed equal, the motion of the hard particles is the ſwifter; 
o that a very flow motion ſcarce generates any heat, while a quicker imme- 

ely produces a very intenſe one. Graſp a rope cloſe in your hand, and 
at the ſame time draw it flowly along, and no heat will be civ'd; but 
— as the hand is made to paſs rapidly along it, a burning heat will be 
will ſcarce grow warm; but if nimbly agitated backwards and forwatds a- 
1g the ſame, produces a vehement heat; ſo that if applied on a grindſtone 

ly driven round, it may be made red-hot, provided it be ſtrongly held 
dyn, and yet the grindſtone all of while will ſcarce grow warm —_— 


So a knife, however eee, preſs'd on a threſhold, or a grindſtone, 


„ The Theory of CEM IsTRV. 
the part in contact is continually getting from under the knife, Hence, 
therefore, as the celerity is increaſed, the degree of fire will alſo be proportio. 
nably increafed, and this in infinitum, 
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The three 106, From the whole it follows, that wherever the three above-mention'd 
cauſe: of fire cauſes concur, the intenſeſt fire may immediately be produced from the cold. 
— eſt bodies. For if two large maſſive orbs of hard iron be preſs'd together 
7 by a weight of a million pound, and ſwiftly agitated by a powerful moyer 
over the furfaces of each other, a furious heat will inftantly be produced in 
either orb. This is evident in wind-mills, when a dry axis is vehemently 
driven by a whirlwind on a dry. ſocket, which will immediately raiſe fire 
and flame; whereas the motion here can be but ſlow by reaſon of the 
ſmall diameter of the axis. The ſmall ſhavings of iron ſtruck off by a tur. 
ner will burn the hand; and duſt of wood will do the ſame. May ve 
not therefore ſuppoſe, that towards the centre of the earth, where the ſub · 
jacent bodies are preſs d with a vaſt load of ſuperincumbent ones, ſo that of 
neceſſity they muſt become extremely denſe, a moſt vehement fire muſt be 
produced by ſo extraordinary an attrition ? And muſt not ſuch fire be con- 
Leave is tinually an dually increafing (i)? By all this it appears, that we can 
higheft degree never define the laſt and higheſt degree of fire capable of being produced by 
undetermined. attrition; for though it were poſſible to aſſign which was the heavieſt, and 
| the hardeſt body, yet there is no aſcertaining the utmoſt weight; nor can 
we aflign any higheſt degree of motion: conſequently there can be no ſuch 

heat, but that a greater may be raiſed, ' 


EXPERIMENT X. 


The inter. 107. But if in the precedin riment ſome liquid be continually in- 

tion of fluids terpoled between the ſurfaces o the tro compreſs'd — bodies, no con- 

bs fiderable heat will ariſe, comparable to what would have been, if ſuch com- 
fre. reſſion had been wanting. Of this we have inſtances enough wy where. 
t may ſuffice to mention that of the grindſtone, on which if the blade of 

| a knife be applied when dry, it preſently grows warm, creeks, and fre- 
quently emits {parks ; but if a drop of water, oil, or ſpirit, be put between, 

nothing of this will ordinarily be obſerv'd. *Tis known, that the axes cf 

wheels, if ſmear'd with oil, will ſcarce grow hot; but if dry, and made to 

turn in a dry ſocket, they preſently creek, ſmoak, grow hot, and at laſt 

catch fire, Who has not heard, as we have already mention'd, that wind- 

mills have ſometimes been ſet on fire, and burnt down from the like cauſe, 

viz, the want of due greaſing ? But there is no inſtance where this appea3 

more manifeſtly than in grinding of glaſs; where neither the diſh, nor the 
lens to be ground, grow hot, unleſs the watery, or unctuous medium mat: 


00 See Boyle of Cofmical Qualitier, 
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uſe of be conſumed, and the diſh and glaſs left dry; when a violent heat | 
is immediately produced, 


COROLLARY I. 


108. Hence, by how much bodies are ſofter, more yielding, leſs elaſtic, 8% /igh? 
and rarer, by ſo much the leſs are they diſpoſed to produce heat by friction, 2 2 
in compariſon of others; and as fluids are generally poſſeſs d of thoſe proper- 4 by 
ties, they hereby become leaſt diſpoſed of all others for producing heat by friction. 
attrition ; inſtead whereof they yield, ſhrink back, and fly away: all whi 

regularly obtain in all caſes. | | 


COROLLARNRT IL 


| 109. So much the leſs heat is produced by the mutual friction of bodies, 4rd bodies not 
by how much they are preſs'd together by a ſmaller force z which alſo ob · much pre/ee. 
tains regularly in every caſe, | 


COR OL LARS: 


110. Such alſo as are agitated by a flight motion, though they have all Or at ref. 
the other properties neceſſary for generating fire by friction, will yet afford 
none; and if they be left at reſt, will return to the temperature of the am- 
bient air. This we learn from vaſt heaps of iron, which how hard ſoever, 
and preſs d by ſo great an incumbent load, yet become no hotter than the 
ſoft thin light air which ſurrounds it, h 


COROLLELART-I 


111, From all which we may infer, that fire ſhews itſelf leaſt by its ef- he natural þ 
fects, firſt, in ſuch places which are either poſſeſſed by none, or at leaſt by 2% ge 
very rare bodies, and thoſe divided into parts ſcarce cohering with each 
other. Secondly, where there is no external cauſe to compreſs them together. 

Thirdly, if there be no cauſe which gives them motion; ſuch with us would 

be a Torricellian vacuum: for it a glaſs tube, forty inches long, cloſed at 

one end, and perfectly clean, be quite filled with pure well-dried hot mercury; 

and thus properly immerged by the open end into a baſon of the like mer- 

eury, and now raiſed perpendicularly, ſo that there be nothing but pure mer» 

cury in the tube, the deſcending mercury will leave an 2 ſpace in the 

top of the tube, where there will not remain the leaſt ſign of any heavy re- 

fiſting body nay, if the mercury in the veſſel be duly preſſed it will riſe 

— and repleniſh the vacant ſpace of the tube, filling it perfectly as be- 


Here, therefore, appears a ſpace, wherein no attrition of any bodies Pure fre-pet 
and conſequently here muſt be the leaſt degree of fire produced 2 hardly ts bt 

attrition abovemention'd ; and yet upon ſhaking this tube, a light * 

produced in this vacuum, as has been e cgantly ſhewn by that great mathema - 

* Bernoulli From whence alſo ſome will infer that here alſo are bodies. 

s certain indeed, that what TY glaſs, and quickſilver, and 1 

| i132 m 
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, muſt neceſſarily be found equally diſtributed in ſuch place; but it does not 
any way appear that this, whatever it be, afford the leaſt indication of any 
heat produced: ſh that the light here generated by the ſhaking, may pro. 
bably be of that kind, which we have already ſpoke of in the hiſtory of 
light, as a property of fire. Hence we apprehend that light, and perhaps 
fire itſelf, can ſcarce appear to us under the form of fire, without the con- 
current action of ſome ſolid bodies; but can freely paſs through all ſpaces 
without betraying any of the uſual effects. In reality, it appears, that the 
further we aſcend from the common ſurface of the earth as upon high moun- 
tains, where there are no meteors to hinder or diſturb the e * action of 
the ſun's. rays, which all ſtrike directly, and with their full force, on the 
oppoſite bodies, here no heat is perceiv'd, but all things ſeem extremely cold, 
In fine, as we aſcend nearer to the ſun, and further from the earth, where 

vapours and exhalations are ſcarce found to mount in any ſenſible de- 
yet there water, if any riſe ſo high, turns to ſnow, and even remaing 
* the tops of mountains in the middle of ſummer: ſo that it ſeems as 
if where there is no hard corporeal matter to reſiſt fire, and where there is 
nothing capable of exciting an attrition, there fire, though it is preſent, is 
found latent and inactive. Conſequently as the higheſt mountains are ſcarce 
2 ſemi-diameters of the earth high, and yet the cold increaſes ſo confide- 
rably at ſo ſmall a diſtance from the centre of the earth, and upon ſo ſmall 
an approach towards the meridian ſun, and where the gravity of the atmo- 
ſphere is till found ſo conſiderable, what ſhall we think would be found if 
we could make obſervations a thouſand times higher; or if any relation 
thereof cquld be ſent to us? e | 
112. So far as we, who know but little of nature, are able to conjeQure, 
all motions appear to decreaſe the more, by how much we aſcend higher 
from the earth; ſo that the uppermoſt places enjoy a perpetual quietude 
and filence. Hence the ſame trees, produced from the ſame ſeed, and planted 
on the ſame mountain, with the ſame aſpect towards the fun, are always 
found biggeſt at the foot, and ſmaller and drier the higher we advance to- 


me alchemi- Wards the top. I have ſometimes wonder'd upon reading what the ancient 


cal and an alchemiſts felate, viz. that in pure fire there is the utmoſt filence and abſo- 
— _ late reſt, and even that God reſides therein; from whence he ſends out his 
| miniſtring fires to move and vivify bodies, which otherwiſe would die by 
X their inactivity ; thus peforming the orders of the Almighty Maker. To the 

xe effect we find teſtimonies among the ancient Jews and facred writers (). 


COROLLARY v. 


' Fiolent heat 113. Laſtly, the ſudden and wonderful production of heat and fire, in the 


— . coldeſt, hardeft, and heavieſt bodies, by mere force of violent friction againſt the 


. fridtien of me- lighteſt, ſofteſt, and coldeſt fluids, is daily ſhewn before our eyes. Suppoſe 


tals aga nf a large ſolid iron ball ſhot, in the winter time, from a cannon charg'd with 
lebe. fuids. gunpowder, it will fly 600 feet in a minute through the cold air, which 
| makes a greater reſiſtance to its motion than any wind, the moſt ps 1 
| 8 RE n cd 

"WI Exod. e. 3. v. 2. 3.4. C. 19. v. 16, 18. C. 24. v. 17. Levit. c. 10. v. 2. Halt 

c. 104. v. 2,4 Hebrews c. 1. v. 2. and c. 12. v. 29. 
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which only moves 22 ; feet; whilſt at the ſame time it condenſes the air 
with ſo much violence, 'as to throw down every thing, tear up trees, break 
their branches, and beat buildings, Sc. to the — (. Hence it 
appears, how much friction the ball muſt have undergone in its paſſage, 
which, by the way, did not proceed in a right line, but by its whirling 
motion continually deſcribes a cycloid with every point of its body. When it 
falls it is found quite hot; notwithſtanding that, in its whole paſſage, it had 
continually met with new cold air, and conſequently muſt have loſt every 
moment ſome part of the heat it had acquired, This heat of the ball could 
not have ariſen from the flaming gunpowder, whereby it was exploded, 
ſince it only remain'd in that flame an incredibly ſmall ſpace of time, hardly 
the —=;; part of an hour, in which time it is by no means credible ſo ſolid 


a ball ſhould have acquired ſuch a heat; which is much more naturally ac- 


counted for from the great attrition of the ball, driven with ſuch a velocity 
inſt the air, and repell'd by a wind, which is 27 & times ſwifter than 
To range wind hitherto obſerved, 


114. It appearing then, by all kinds of experiments, that fire may be im- = 2 
premiſes. | 


mediately produced by the friction of any kind of body, at all times in 
every degree of cold, and every place, where trial has hitherto been made, 
. the three phyſical conditions above - mentionꝰd be found; we may 


ence infer ſeveral things which will give an inſight into the nature of 


fire. 


245 


115. And firſt, that fire, as hitherto known, is preſent in all places, tho- Fire preſent 
not always diſcoverable by us, when we look for it in the vulgar manner; every where. 


for the beſt thermometer always ſhews, that in the higheſt degree of cold 
above-mention*d, there is always ſome heat remaining, though it be uſually 
miſtakenly ſuppoſed, that there is no fire left, when the thermometer ſinks 
to Q 


116. Nor is fire only contain'd in all ſpace, but found equally diſtri- 4d in all 
buted in all bodies, the rareſt as well as the moſt ſolid ; for if a very ſen- bodies. 


fible thermometer be applied in the extremity either of ſummer, or winter, 
to a glaſs veſſel in which is a Torricellian vacuum, where any one would 
perhaps imagine, that there is more fire contain'd, and at the ſame time the 
thermometer be applied to the heavicſt of all bodies gold, we find the very 
fame degree of heat and cold in both; provided both of them had continued 
long enough in the air, without any change therein as to tue degree of heat and 
cold. This I have never found any body could believe at the firſt. relation 3 
but the truth and certainty of it is ſufficiently made appear by the following 
experiments. In a ſharp winter's cold I placed a Torricellian vacuum, an exe. 
hauſted receiver, air, pure alcohol, expreſſed oils, diſtilled oils, water, lixi- 
viums of various ſalts, ſpirits diſtilled from ſalts, quick-ſilver, feathers, 
duſt of metals, ſand, and calxes, to the open air, and found the. ſame degree. 
of heat and cold in them all, without the leaſt difference. 


117. I have not therefore found there is any ſpace-in. nature deſtitute of 7» all ſpace, 


nor have I, with all my endeavours, been able to diſcover any body, en-: 
dued with ſuch power by the Creator, as to attract this fire, thus equably di- 
u AM i199 od. —_—_—. 
0 Mariotte, p- 140. ue FE | | 
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Aributed, and fix it to itſelf, ſo as to have more than its ſhare thereof: n 
fine, I do not find that there is in nature any ſuch thing as a magnet of fire , 
but, by all I have been able to obſerve, it appears, that if either the attrition, 
or the mixture of bodies come to be at reſt, the fire they had conceived he. 
comes again equably diffuſed in proportion to the ſpace as before. Nor dog 
it ſignify, whether ſuch ſpaces be void, or full of matter, or what kind of 
bodies it be fill'd with. Here ſome will be apt to cry out, that I am dealing 
in chimeras, and alledging things, not only vain and falſe, but contrary to 
common ſenſe and experience, which manifeſtly ſhews that iron, in winter, 
is colder than feathers, and quickſilver than alcohol. But let it be conf. 
dered, I am not here ſpeaking of fire appearing to the ſenſes by its degree 
of heat and cold, but of fire diſcover'd by that characteriſtic above ſcttled, 
of rarifying bodies: as for that greater degree of heat, diſcoverable in alcohol, 


than in quickfilver, or ice, I ſhall endeavour to account for it, after having 


treated of the different manner, wherein ſolid and rare bodies are affected by 


heat and cold; to do it now would be to treſpaſs againſt my method. An. 
other thing that may be alledg'd in favour of this doctrine of fire is, that 
the fire thus equably diſtributed, by means of reſt, through all places, is ſcarce 
rceived at all; by reaſon that things which are every where perfectly the 
me, and do not diſtinguiſh —2 by any diverſity in them, ululy 
$ for nothing at all; as would eaſily appear, if there were at any time 
uch a degree of fire, as ſhould make no change in any fluid or ſolid body; 


for no one would then think either of fire, heat, or cold; but as ſoon as the 


fire ſhould be ſo far increaſed, as to render wax a little ſofter than before, 
they would immediately begin to ſuſpect ſome acceſſion of heat or fire; be. 
cauſe they know that wax is liquified by fire. And from this miſtaken 
opinion it ariſes, that mankind conclude, whenever fire becomes more 
manifeſt by its effects, that ſome new fire is generated either by art or 
accident. 

118. A third point deducible hence is, that this fire, thus diffuſed thro 
all ſpaces and bodies, is continually in motion; for who will pretend to al- 
ſign the laſt point of abſolute cold, that is, the perfect reſt of fire? but the 
ſmalleſt beginning of fire, or heat, or rarifacting power, immediately begins 
to expand all bodies, and remove their parts from their natural cloſenels; 
and as long as it does thus, hinders the proper coheſion of the elements? 
all which plainly ſhews, that there is a real motion exerciſed in them. And 
Hence it appears probable, that fire is always contained, as well as it is always 
in motion or action, both in vacuo, and in the void ſpaces of ſolid bodies, 3 
in ſo many veſſels, and thus continually produces certain operations inſept- 
Table from it; all which principally aim at this, viz. to remove the ele- 
ments from one another, and thus make the fire expand itſelf more equz- 
bly. In the mean while it is no leſs certain, that the particles of the matter 
are continually endeavouring to draw nearer each other; and thus confine the 


void ſpaces between them ſtill more and more; and . conſequently extrude the 


fire contain'd therein, as much as may be, by deſtroying the equilibrium. 


Thus there would be a perpetual action and re · action between the fire in the 


Pores, endeavouring to expand the particles, and the natural endeavours of 
1 
3 
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bodies, which tends to make them contract more cloſely. After this man- 
ner, therefore, may all bodies, placed in immenſe ſpace, be divided into 
fire, which expands them, and bodies which are continually ſtriving a- 
gainſt the ſeparation of their elements: thus the two principles, the one ex- 
panſive, the other contractile, prevail through all bodies, and become the 
cauſes of a multitude of corporeal actions, whoſe power or energy, therefore, 
can hardly be conceived from the idea we have hitherto had of them, and is 
thoroughly known by none but God himſelf. 

119. The more a man conſiders this, the more certain it appears, that fire Fire does nes 
cannot penetrate into the laſt and leaſt elements of bodies, but is repelled ONS! ate the 
therefrom, as often as it attempts it ; and this with the more force, by haw —_ f 
much it endeavours to penetrate more forcibly. By this means there muſt 
ariſe a kind of attrition betwixt fire and other bodies ; and conſequently fire 
is never lodg'd in the proper ſubſtance of bodies, bur only in the interſtices, 
which are en between the particles, even of the moſt ſolid bodies. In effect, 
the am of Democritus, called impenetrability by others, appears ſo eſ- 
ſential to fire, and all other bodies, that in all the experiments which have 
hitherto been made, it ſeems inſeparable therefrom. 

120. We are to conſider, that while the fire here deſcribed, lodg- Wind ner pre 
ing within the pores of bodies, is not moved, or acted on by any o- „ 
ther cauſe, it does not diſcover itſelf by any effect; becauſe it can go out 
of the pores, as eaſily as enter, and therefore will make no great altera- 
tion in its action on the containing body; ſince it appears to be preſent, 
and act equally every where. To conceive the more readily what I mean, 
take a very ſenſible thermometer, and note the degree of heat indicated 
thereby; then apply it to the mouth of a pair of large bellows, and blow- 
ing briſkly therewith againſt the -ball of the thermometer, you would na- 
turally expect that this new blaſt of wind ſhould produce ſome notable 
cold, and the thermometer be affected thereby: yet the contrary is found; But rather of 
the inſtrument ſtanding till at the ſame time. Hence we learn, that nei- 20. 
ther heat nor cold are augmented in this manner to any ſenſible degree; 
ſor fire moves almoſt: as eaſily through quieſcent, as through moving air, 
by reaſon of the great rarity of it. Yet if the air were agitated with a 
much greater force than that of the bellows, the degree of heat would be 

ſomething increaſed, as above ſhewn, by the attrition thereof : whence pro- 
bably it may be, that in furious ſtorms, other circumſtances being ſuppoſed =_ 
equal, the heat is rather increas'd than diminiſh'd. Accordingly, I have 7% i: eolt 
formerly obſerv'd the higheſt winds to be attended with a hot air; and the te fog: 
ſevereſt froſts happen =: 7 the wind is ſtill, It may be aſk'd then, why 
does the wind, nay the very breeze, appear cold to our body, 3 when | 
warm'd; by which men are induc'd to believe, that it has ſome cooling 
power? And is it not known, that when a nipping wind blows ſtrongly 
for a conſiderable time, the exceſſive cold thereof becomes offenſive to the 

y, and if long enough continued, occaſions a gangrene? The fact may 
be a'low'd ; but the cauſe is very different from what is ordinarily aflign'd : 
!: mult be remember d then, firſt, that no man can live in an air which is 
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g0 degrees hot, but that all known animals quickly die therein; yet the 


vital warmth of our bodies is 92 degrees, and that of infants often 94, 23 


The body hot- 
ter than the 


Jarrounding 
vr, | 


Fabrenbeit has obſerved. 
121. Hence a man is always hotter than the ambient air; and thus the 
ments wore on his body are always warmer than if they were expoſed on 
all ſides to the open air; nay, and this heat of the man warms the air con- 
tiguous to his body: if, therefore, the air, without wind, be at reſt about 
a man's body, the atmoſphere of the man will be warmer than that of the 
air, and accordingly, he will feel the air hot as it really is; but when the 
wind riſes, this warmer air which inveſted the man is blown away, and 
its place ſupplied by freſh colder air; upon which a ſenſible cold muſt be 
perceived in the lungs, and on the ſurface of the body : add, that the heat 
given to the clothes by the warm body is carried off by the ſame wind, and 
thus a new freſh coldneſs is continually imparted by them to the body ; the 


effect whereof is the ſame, as if a man ſhould be continually putting on a 


The wes bere- 
of in Ne. 


freſh clothing of cold air: and hence it appears, that wind may cool the 
bedy of man by carrying off its exceſs of heat, though it do not generate 
cold of itſelf. This remark being of incredible ſervice in medicine, we will 
further illuſtrate it by an example. Suppoſe a man by exerciſe, a diſeaſe, or 
any other cauſe, heated to 100 degrees within his clothes, in a till air; and 
ſuppoſe the temperature of the air at that time to be 48 degrees; it will 
be eaſy to conceive, that his apparel will be heated thereby almoſt to 
the ſame degree as the body itſelf; nay, and the quieſcent air about his 
clothes and his head, will conceive a conſiderable degree of heat beyond 
that of 48 degrees. I have often obſerved upon the approach of a warm 
man, that a thermometer would be affected to the diſtance of four feet, by 
the mere warmth of the effluvia perſpiring from his body; and on his retiring 
again, the effect would entirely ceaſe. If therefore the neighbouring air and the 
clothes be ſuppoſed hereby reduced to 60 degrees, the body of the man will 
be as it were immerged on all fides in that temperature, and his veſſels and 
humours relaxed according to that degree, and the cutaneous nerves affected 
with the ſenſe of ſuch a heat. Suppoſe this body now expoſed to a wind, 
which ſcarce moves fix feet in a ſecond of time; the heat then of the 
ambient air-and his clothes will be carried off within this ſecond ; anda 
lefler ag of heat, viz, of 48 degrees be applied on every fide to his 
body: thus will his whole frame become phytically 12 degrees colder on 
the outer parts; and as the wind is ſuppoſed till the ſame, the body muſt 


in a ſhort time ſhrink into the moſt ſhivering cold, as the continual applica- 


tion of cold air, inceſſantly carries off an equal part of his vital warmth : 
from all which the truth of the paradox above is fully ſettled. | 

122. For if, in lieu of the human body, a thermometer be expoſed to this 
wind; the degree of heat will be the ſame in the liquor of the thermometer, 
as in the ambient air; and hence, whether the Ame quieſcent air remain 
contiguous to the ſurface of the thermometer, or whether a freſh parcel be 
perpetually. ſucceeding, the degree of heat will be the ſame z and conſe- 


quently, even the higheſt wind will impart no cold to the thermometer, 


Except the air in the mean time acquire vine e. temperature In the par 
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from whence the wind blows.” Hence, ſuch as are converſant in medi- 
cal matters, will eaſily conceive how it happens, that the healthieſt and 
ſtrongeſt conſtitutions are often ſeized with the moſt ſevere diſeaſes, and 
even ſudden death itſelf, by _ expoſed to a cold wind, whilſt the body 
remains heated to a degree of ing by vehement motion; and eſpe- 
cially if people, after heating themſelves by violent motion in a cold wind, 
reſt again too haſtily, Hence ariſe aſthma's, that continue during their lives, 
quincies, leuriſies, peripneumonies, gouts, and rheumatiſms : and for thoſe 
of a 2 and tenderer frame, we often find them ſurprizingly affected 
by the leaſt wind, even the gentleſt breeze; and a window that is not 
ſe, but lets in a little colder air, than that within the chambers where 
they live, will have the fame effect; eſpecially if they have long accuſtom'd 
themſelves to direct the warmth according to a thermometer: a thing highly 
* prejudicial to a ſound ſtate of health. > Aa Arik. i | 
123. From hence it will now be eaſy to determine ſomething con - The adi of 
cerning the nature of fire; for if two denſe: hard elaſtic. bodies be truck Are F 
againſt each other with great force and velocity, all the parts of ſuch bo- in. | 
dies will every moment be cloſely compreſſed; and being rigid, will re- 
act with equal force. Hence a quick and powerful contraction and expan- 
fion will ariſe in every part, refembling that ſwift kind of vibration ob- 
ſerved in ftretched gp how great theſe vibrations are, may be learnt 
from the inſtance of a bell, wh firuck with a fingle blow, by which the 
whole bulk, however vaſt, will for a long time expand, and contract itſelf 
in infinite ellipſes. And when the attrition above-deſcribed is produced, 
with what force and velocity are all the particles of the rubb'd body com- 
2 ſhaken, and looſen'd to their very intimate ſubſtance ? | Hence the 
ill and intolerable creaking of rubb'd bodies, which is the certain fign of 
their utmoſt vibration. We are to ſuppoſe, that the whole body thus rubb'd, 
d, and looſen'd, is tapidly moved in all its z fince all ſtrings vi- 
backwards and forwards with the more ſwi by how much they 
are more elaſtic, ſhorter, and tighter ſtretch'd: all which conditions here 
concur. This is ſufficiently evident from experiment, Nor is it leſs clear, 
that the fire lodged in the pores of bodies, and which there exerts a power of 
expanding the ſame in all their dimenſions, and which being again ſtrongly 
repreſſed by the contractile re- active power of the expanded body, under+ 
go a ftrong attrition by the action, is every moment \ violently. com- 
and relaxed a in in all the pot Hence, as the ſame fire appears 
the moſt powerful of all elaſtic bodies, from the conſideration of its expan- 
five force, its proper power and motion ſeems. to be — increaſed 
and hence in bodies under this attrition, and in fire equably diſtributed 
through the pores thereof, we may ſuppoſe a great degree of motion pro- 
duced, and long continued: but this cannot be without the neighbouring 
and ambient air being equally agitated by both the ſaid means; and this the 
more violently, by how much it is the nearer. Nor can it be otherwiſe, 
fince it is evident that fire is equably diſtributed, and perhaps acts equa- 
bly in all quieſcent bodies; and in ſpaces incapable of all motion and u- 
tation; conſequently the adjacent 1 mult every where follow ae 
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of the fire, i in the pores of the bodies rubbed, and therefore mg 
alſo be <a robo this way ; and that this vibration of the fire muſt 

adlſo continue as long as the vibration of the bodies produced by their attri. 

| *. tion; or thoſe reciprocal agitations of che fire be reduced to reſt, or to a mo. 
Som equal to that of the other fire in the neighbouring ſpaces and bodies, 

_ - But ſites by the motive tauſes of the rubbꝰd bodies, a new motion ee 

to tlie fire, "befides that oomman one which it had before, the power of 
os fire maſt heteby be increaſed, which, as it tends to expand bodies, will 

a diſcover itſelf by this fign 8 y be 

underſtood/ . by friction; and thus at the fame: time we: ſee the 


reaſon of ſeveral phenomena. As, 
Whence the 124. (1) Why only elaſtic dodies 5 ay ticken 2> hertut⸗ 
ſolution of fi- theſt alone vibrate in their elements. (2) Why — moſt elaſtic bodies ge- 
vera ph4n0- nerate the moſt fire, as a hard flint truck ſteel?” becauſe the 


2 > © quickeſt aud greateſt vibrations ariſe herefrom. (3) Why the ſofter and 
RJ unelaſtic bodies generate leſs fire? becauſe they do not rebound, vor return, 
5 ..- and reftore themſelves. (4) Why, notwithſtanding, the 
upon lead begets a vehement heat? becauſe the laſt elements of bodies are 
* c_—_ contractile both of their own. nature, and by reaſon of the 
| | the larger bodies compounded of theſe elements cohere 
| Ye ther in 4 — "which makes — reſiſt leſs, and cafly give way: 
| w hence it appears, that there is one kind of elaſticity of the elements, which 
| | 5s common to all bodies, and capable of being c n 
| and another ſpecies, which reſiſts a ftroke,' and reſtores the 
| it had before the ſame. (5) Whether fluids do- not 28 
atttition ? If elaſtic they ci will 5.66 age aer 
| water is very difficult to heat by friction; yet if unelaſtic fluids be 
with 2 vehement force h very narrow channek, they will c 
the attrition, becauſe the laſt elements of this fluid ſeem in ſo 
ſtic. But if the tubes be elaſtic, nos TY BN is driven, 2 
greater heat 2 and hence our blood, bein elaſtic, and 1 
peta veal throu ugh - elaſtic arteries, r 
t the more the r which is 
unelaſtie, ſo much che leſs Heat is produced in the body: and the like mij 
be obſerved, in proportions, as the elaſticity of the arteries themſelves grows 
am Why tho interpoſition of a, fluid. betwern two bodies 
| impedes, or leſſens! the degree of heat? becauſe the impreſs 
motions are e luded by the perpetual ſlipping backwards and forwards of 
the fluid. (7) Whether the — bodies contribute much 0 
nereaſe the ation of fire thereon? which -it does in a great deg tee, as We 
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iments made in the well of the royal ob- 


been ſhewn by ſome elegant experiments | Ll 
ſezyatory at Paris. (307 Why the ſtriking of flint againſt ſteel affords the 
eſt and brighteſt ks in the coldeſt weather? But there would be no 
. were I to tehearſe all the new conſiderations which offer themſelves on 
this head. Gravity, elaſticity, and fire ſeem the three capital, and moſt 
univerſal eauſes of corporeal actions; to which, when attrition is ſuperadded, 
a multitude of phænomena common to them all may be accounted for. 

. 125. (5) Hence alſo we may infer, that to produce the greateſt 


of all bodies, p leep 
preſs d by others laid on them, and laſtly, ' agitated, on each other with the 
ſwiſteſt motion, that can be conceived. Hence alſo it is. ughly probable, 
that in receding from the centre of the earth, thę intenſe heat thereof con- 
tinually — and becomes leaſt in the -middle term or ſpace between 
two planets: ſuppoſing our earth and moon of the ſame nature, in the cen- 
tre of each of them muſt be the intenſeſt heat; which will ſenſibly decreaſe 


er of each terminates (m) . Hence it appears impoſſible for birds to fl 
the earth to che moon, or from 


- 


probable, that heavy bodies are only found about the 


bare addition. of common water, will prow ſo 


garian mines being and not deſtitute of 
water, it may be ſuſpected, that either this 
fluid, or ſome peculiar mineral ſpirit, or juice, 
may with the mineral produce a warm leam, 
r 
yields a co e heat 

„It cannot be reaſonably pretended, that 

-. « the ſabterraneal * from the rays 
« of the ſun; ſince they heat not the earth 
above fix or ſeven feet deep, even in the 
« ſouthern countries. And if the lower part 
of the earth were, of its own nature, cold, 
« and received the heat is affords, only from 
„the ſan and ftars; the. men deſcend 
therein, the leſs degree o heat and teams 
* they would meet with f. 


thi deyr 8 

s degree of Nat, obſerved in the Hungarian 

mines, might in oceed from the 
peeve nature-of the places or of the mine- 
* generated there; and not wholly from 


their Very credib] i 
ee E ga 


* Byle Abr, Vol. III. p. 232. 
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till it arrives at that place between the two. ſpheroidal orbs, where the 


ly it may 

haye no power of itſelf, except of equally expanding itſelf every way, with- 
cular determination to one point more than another: and hence 

in thole very high places, the action TN to nothing; on ac- 
* 2 count 

th ies of a kind of mi- 

LEN Cie N by the 


hot as almoſt to take fire : ſo that the Han- 
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of fire, we meas bt ay heavieſt, and at the ſame, time the moſt elaſtic mum and mi- 
;ed in the deepeſt parts of the earth, and ſtrongly com- um fre 


Why birds 
the moon to us; as ſome philoſophers came big 


have imagin d ; neither could they ſubſiſt in the abyſs: and what we have ſaid 2, % 4 
r ſun and moon will equally hold true of the other planets. Ber- 
Hence —— 
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count that denſe elaſtic moving bodies, rubbing againſt each other, are there 
wanting. May not the comets probably take their courſes thro? thoſe ſpaces 
between the planets and ftars, where there are the leaft obſtacles, and con. 
ſequently the eaſieſt es; the motions and orbits of theſe wonderful bo- 
dies being not yet accurately aſcertain'd ?*' 29 | 
Other cireum- 125. (6) It alſo a pears, that thoſe bodies which having ſuch large pores, 
_ - 96 as that air, water, ſpirits, and oils, - > have eaſy entrance into, coy paſ- 
allt. age from them, are the leaſt diſpoſed for generating heat by attrition ; but 
* that thoſe whoſe corporeal ſubſtance is ſo cloſely condenſed, as that ther 
are too ſmall to admit any thing except pure ſimple fire, will, when 
- rubbed againſt each other, excite a briſk motion in the fire therein contain d. 
If then it be confider'd, that the ſurfaces of two bodies may fo 
correſpond to each other, that, when fitted together, and thus moy 
nothing can infinuate between them but pure fire; if theſe be rapidy 
turn'd on each other, while in ſuch ftate, the fire alone between them 
becomes agitated; and a fervent motion is thus produced. Again, if the 
bodies be moved on each other ſo ſwiftly, as that neither the air, nor any 
other bodies can follow with equal celerity, . excepting the fire alone con- 
tain'd in them; *tis probable that this fire will ruſh ſo ſwiftly into the void 
places, and thoſe already poſſeſs'd reciprocally, as that vy 'this means 
more fire will be collected about the places adjoining to the ſurface of the 
bodies rubb'd than was before; which may be another caufe why heat 
s raiſed by attrition, Laſtly, if the particles of any hard body be connectel 
- cloſely together, and at the fame time its fibres and laminæ be ſo diſpoſed, 
s to be very ſhort and tremulous ; they will, by their vibration, agitate the 
© fire very ſwiftly and ſtrongly, ſo as by their vehement attrition to raiſe a con- 
- fiderable heat in a ſhort time: in effect, a great motion is excited in fire by 
all theſe means. ; 1 ; tb h 270 TH) 
* bedies of 126. (5) It remains to be ſtrictly enquired, whether there be any pore: 
different den. in bodies themſelves, whereby fire is attracted to them in ſuch manner, 2 
. that the more ſolidity the bodies have, the more fire they imbibe. Thi» 
reach. ever found to obtain in quieſcent; bodies; but it uniformly appears by al 
| experiments, that there is neither more nor leſs heat or fire in a Torricellias 
vacuum than in gold; when both of them are left at reſt under the ſam: 
temperature of the air. But whether the ſolid matter of bodies acquires, U 
the attrition. ſo "often mention'd, any power like to. magnetiſm, where!) 
they may attract fire, and when brought in contact, retain it a long time, 
is another queſtion, which I have much conſidered; and find that a body 
conceives heat from the fame fire, ſo much the ſooner by how much 't'5 
the rarer; but, when once heated,, cools again ſo much the flower, by bon 
much it is denſer-z and the more y, the rarer it is: from whence 
we may oy that _—_ gere in ſolid matter _— greg 
tion; and particularly” fince this law obtains equally in elaftic, as in the un- 
elaſtic bodies (u). The fire is very vehement in the focus of « burning 31. 
+ bas 2:21 +1 003 neat N11 / tt & © 
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yet if the glaſs be covered with a ſhade towards the ſun's rays, the heat im- 
mediately ceaſes in that place of the air, where a moment before it was ſo 
: but if a metal had been there heated with the ſame fire, it would 


ve retain'd its heat a long time. If one veſſel full of air, and another of 


water, be fed to the fame heat, the warm air in the one will perhaps 


be a thouſand times rarer than the warm water in the other; but the water. 


as it acquires heat more ſlowly, retains it the longer; ſo that the air will 
ws oy cool again in a thouſandth of the time. From the whole 
we can only conclude, that fire enters and paſſes out of bodies with the more 
difficulty, as the bodies expoſed to it are denſer; nor does it clearly follow; 
that there is any thing more in the matter, though if. we might be allowed 
to form a conjecture, tis not improbable, but that fire, in entering denſe 
bodies, ſhakes the particles thereof, and thus cauſes vibrations, which will 
be greater according to the degree of expanſion) and more durable accor- 
ding to the denſity ; which alſo, ſo long as they continue, will agitate the 
contained fire, in the ſame manner as attrition has before been obſerved to 
do in elaſtic bodies ——Upon the whole, therefore, we diſcover nothing 
like the magnetic power above hinted. 


253 ; 


127. It is to be remember'd, that by the doctrine of the firſt experiment Ha- 
it —_— that the hardeſt and moſt ſolid bodies, when penetrated by the ?*” 3 


ſmalleſt fire, are continually ſhakew and kept in motion through all the par- 
ticles of their whole maſs ; and conſequently the ſame, when heated after 
a like manner by attrition, will be moved and agitated after the. ſame 
manner, a | 

128, By ſuch means the particles being all, at the ſame time, put into a 
tremulous motion, may be ſuppoſed to rub mutually againſt each other, and 
thus be moved after the fame manner as if rubbed from withoutſide; con- 
1 will alſo move the fire contained in the body, and attract, 
collect, and retain it a long time in the ſolid matter of the body; by which 


means the filaments of the body will be again acted on, and rubbed in their 


turn by the fire > on which account alſo, the fire once conceived, will be 
continued a conſiderable time. | | 
129. The great Mr. Boyle long ago ſhewed by experiment, that a ſolid. 
piece of cold iron laid on a cold anvil; and phed. thick with ſtrokes of the 
hammer, would by the compreſſion thereof, and the elaſtie power of the 
metal, grow hot, 15 as to kindle ſulphur caſt on it: and again, that an iron 
nail, when driven up to the head in hard wood with a cold hammer, 


when it can no longer penetrate further, immediately grows hot, though th 


. 
* leaſt diſtance, He adds, chat in Ken « nets than great ones, in 3 to romeo = If 
e rays 


© by the edges and ſides of bodies, bulk; ravity is greater, on the ſur- 

2 dend ſeveral times backwards and forwards. © faces of {mall 0 

„ With a motion like that of an eel: and © ones; and I bodies are agitated more 

* the rays which are either refracted by clectrie attraction than great ones: 80 
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| hammer itſelf continues cold. The e alſo ſhew'd, that iron 
will grow hot in filing, :thoygh the file itlelt remain cold (). 
By the unde. 10. J) The ninth thing we gather from the pr g obſervation is, 
lation of ela- that a great heat may be produced where we are ſure nothing elſe has hap- 
Mic bodies, &;; butrthat:a piece of elaſtic ĩron, being only compreſs d between iron 
Aſo elaſtic, and reſtoring itſelf every moment in the intervals between the 
Rrokes of the hammer, yet a ſufficient heat is collected thereby to raiſe a 
flame in ur, when ſprinkled on it. 5 
131. (100 We may ſuppoſe, that ſuch elaſtic body, after it has once 
been heated by this action, will long retain ſuch excurfions and incurfions in 
its compreſſed -and:rebounding parts; and thus alſo continue the motion of 
| fire, after the dame manner as a cord, when ſtruck, will continue its tre- 
= mors, or a bell its ſonorous undulations z long time, 
| Fire not thus . 232. (11) A matter of great moment remains to be inquired, viz. whether 
>. , generated. the fire excited here by attrition and percuſſion, be really generated by ſuch 
— - . - - 
| * vibration of parts, or exiſted. before: alſo whether the vibrated parts them 
Ty, ſelves do by the agitation ſo attenuate their bulk, as that flying off, they 
| turn into fire itſelf ; and thus other bodies, not igneous, by attrition, per- 
"1 xuffion, and vibration, commence true fire; ſo as fire. may be made out of 
What was not fire before. This to me appears impoſſible; for I have ſhewn 
that fire exiſts every here; that it is equally diffuſed. in all places; and have 
ulſo proved, that it may be produced in more or leſs. quantity by any attri- 
tion of any body; and it appears that fire, however produced, is always 
the ſame, and retains the properties liar to fire alone : from whence it 
is by no means conceivable, that fire: ſhould be continually generated, 
and when generated remain ſtill the ſame, and in the ſame quantity; but 
that in all thoſe operations the fire is ſo alter d and affected by motion, jth, 
collection, di on, and diverſity of direction, as that it ſometimes ap- 
x pears, and again diſappears to our ſenſes. 1 _ 
But only col- © 133. Upon a mature conſideration of the ſeveral matters hitherto alledged 
lefed and concerning the criterion of fire. and its production, I am fully confirmed 
* Ws, in this opinion of its origin. *Tis eaſy to conceive, that fire may be moved 
by the attrition and percuſſion of a hard elaſtic body, as alſo, that by ſuch 
motion, it may at the ſame time move others; and it is eaſy. to conceive 
the motions of a ſolid body ſo quick, as that nothing but fire can keep pace 
with them; which by ſuch means will be collected about it; and that in 
what manner ſoever fire is produced in one place, juſt ſo much is loſt from 
che adjoining ones. And this migration of fire is as readily - conceived, 2 
that 1 fluid ; but as ſoon as it is collected out of a larger ſpace 
into a lefler one, it, muſt make its appearance to our ſenſes as if but jult 
| generated, by reaſon of its quantity and effects. . 
Recapitula- 134. (12) Laſtly, let me rehearſe ſome of the things above laid down; 9% 
an. That in all parts of the world, even where the greateſt cold prevails, which 
nature or art can uce, there is fire preſent in great quantity; fince u 
- uttrition and percuſſion, we can immediately excite an intenſe fire, as appears 
by the colliſion of flint and ſteel, and the application of a thermometer © 


all 
© Bye Air. Vol. L v. 564, 365. 
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all places and bodies under the ſame temperature: from all which I flatter + 
myſelf I have explain'd, by experiments, and their corollaries, the firſt phy- 
fical manner wherein we may always and every where certainly produce that 

— penetrates all things, and or rarities all things, except ſpace 

alone; and that this is what we call fire: having therefore diſcoverd ſome- 

thing concerning its hidden nature, we are * encouraged to ? 89 on 

with our inquiries. 


EXPERIMENT * 


135. The fire above in'd, and diſtinguiſned by: its] of rarifying Te reg 
all bodies, of Le 3 bodies, and 3 ies, if it be col- e ent. 
lected in any ſpace or body, ſo as to be perceiva Neben ſenſes, removes 
itſelf out of the ſame by its own power, and expands every way from the 
centre of its [ray or body. 
136. To conceive the meaning, and at the ſame time the poof of this 

ition, immerge a leaden ball in boiling water, till it have a 
the fame degree of heat with the water; then draw it out by a thread fa d 
to it, and we ſhall find it diffuſe an equal heat from every point of it; both 
by the judgment of our ſenſe, and the thermometer, which placed at equal 
diſtances from all porn of it will be moved e wally : a certain indication of 
the equable diffuſion of the heat or fire! Thus a piece of ignited iron *. 
ſhines- equally, and exhibits its fiery colour on every fide, at the ſame time © 
heating us equably, at equal diſtances from every — "add, that all its 
other effects of fuſion, exficcation, and burning, ate alike produced on every 
quarter, But what ſhews this ſtill more inconteſtably, is, that a thermo- 
meter, when immerged in any fluid, immediately, and equally on vt 3 
fide, accommodates itſelf to the temperature of the fluid, by either ra 
or contracting its ſubſtance. And this holds in all inſtances without e 


ception, 
COROLLARY I | 

137. It therefore, a property belonging to fire, that its beser. eee 
deavour 9 6 ly to diffuſe themſelves; that is, by moving every way, and natus 2 fre. 
* uently tend neither. more or leſs to one point than another. This, 
1 be own'd, looks ſomewhat extraordinary, and ſcareely intelligible, 
by 2 differing g very. little from the idea which we have of reſt To eoncelve it 
the better, ſuppoſe a hollow ſphere abſoldtely empty, and in its eentre an- 
other ſpherule an hundred times leſs, the ſeveral parts whereof have a | 
Y. equally; receding from each other, to fill a greater ſphere exactly; Bebe 
will bea true motion of all the parts, . and yet the whole bulk thus 

moyed, be indifferent to all fides.- e the preceding experiment it 
appears, that the fire contained in our common air, will be confineally! er 
and compreſſing on this account, if there were no orher. | 
COROLLA RY: H. 
' 138: The Inte af fie; deſined by the. prec TE — — Ska The puantity 
in ſtagnation ; the powers of Ragrating fire then wall, be.as.the ſpaces where- and force 
® it i oantained's; conſequently; the 8 Kaner r 
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each other as the ſpaces. Suppoſe a ſphere A, full of air hotter than the 
other ambient air contain'd in a larger concentric ſphere B, the quantity of 
fire, and the power ariſing herefrom, on each part of the circumſcribed 
e will be as the ſpace of the circumſcribing part to the place circum- 

ibed, which a geometrician will eafily calculate: fo that as to this pro- 


COROLLARY II 
Fig. II. 139. To make this plainer ; ſuppoſe a geometrical ſphere A, full of fire, 
Zy-en ex- nd in contact with 5s: a . an. B, ſuppoſe the centre of the 5 
. to be C, from which draw a tangent to the other ſphere CD and CE, 
tis evident that the fire from the ſphere A can only come to the ſphere B, 
from the ſector AFG, whoſe proportion to the whole ſphere A may be 
found, as alſo the magnitude of the cone CDE, and of the ſpherical ſeg- 
2 DIE; which will give us the quantity of fire communicated to this 
ſegment. | notary. 74 
140. The geometricians will eafily demonſtrate this from their principles; 
it will ſuffice us to have indicated the thing. | 
TO TENOR BAL COROLLAR'Y IV. 
A more erat 141. Thus much being underſtood, ſuppoſe ſome phyſical cauſe proper 
computatin. to direct all the fire — ing in ſuch ſphere in parallel lines, towards ſome 
a one quarter; it will follow that its whole power will go in that direction, 
Fig III. via, in this that thro? Fo cylinder EFGI, it be wholly 
| yu upon the ſphere KGIB, and thus impart its whole power to the fame; 
> that the effect of the fire thus directed, in reſpect of the former, will be u 
the whole to a part; and as a parallel direction to a diverging one; and con- 
ſequently, by a combination of cauſes, will produce a much greater effort than 
the former. But fire increaſed in a du — ratio immediately conceives at 
incredible acceſſion of force; for 32 — * makes water freeze, wheren 
twice that quantity, viz. 64 degrees, renders the air to us hot, and thrice 
the quantity, or 96 degrees, exceeding the heat of the human blood in : 
healthy perſon, becomes mortal to if not all animals; and fix time 
the quantity, or 216 degrees, ſurpaſſes the heat of boiling water, which di- 
ſolves, and deſtroys the ſolid parts of all animals whatſoever. Since the 
the area of à great circle of this ſphere, is to the whole ſurface of it, 35 ! 
to 3, the fire will be three times more compact at the baſe of the ſame cſ - 
linder, than it was before at the ſurface of the ſphere ; and conſequent!y ! 
power will be increaſed ſuitably. If then it were exactly known how much the 
- expanſive force of fire is increaſed, proportionably to the leſſer ſpaces in 
which it is condenſed, the reſt might be computed ; ſince if theſe were 8 
the area, the force would be tri on account of the quantity, and 
| in, on account of the expanſion; and conſequently fom both 
nine times greater than before. It may be worth while, therefore, to t 
© - by experiments, whether the expanſive power of fire, with regard to 5 
| +.» x .., denſity, may not be determined. This is apparently very great! and con 
| Fequennly fuck diesen of fire into a paralleliſm will be of great eficary, | 


TY WW 


* 
= 
» * 
= 
* 
: 
- "x + 


The Theory of CHEMISTRY. 257 


EXPERIMENT XII. | 


140. If we look around, and conſider the bodies which ſeem capable of The fun deter- 
directing the fire in our air into ſuch a paralleliſm, it manifeſtly appears, that ** —— to 
the ſun poſſeſſes ſuch power, to a degree beyond all others(p). For that vaſt 4A. 
globe, which aſtronomers make 13431 times bigger than our earth, and 
almoſt 12543 diameters of the earth diſtant from us, as it undeniably diffuſes 
light and heat to us in right lines, conſidering the immenſe diſtance it is at, 
acts among us as if in parallel lines. We need not produce conſiderations 
from optics, catoptrics, or dioptrics, to ſhew that the rays of light emitted 
by the fan always paſs in right lines; and that when inflected after the point 
had diverted them, they again proceed in right lines as before. But one 
experiment occurs, which ſeems evidently to ſhew, that all the rays emitted 
or determined by the ſun, always affect to proceed in right lines. If a per- 
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re 


(3) © The ſun, according to that excellent 
re chemiſt, the younger Lemery, ſeems to be 
no other than a huge maſs, or collection of 
* the matter of fire, or light; though placed 
« at ſuch a diſtance, as to diſable it to act on 
« bodies here on earth, otherwiſe than by one 
« of theſe two ways; wiz. firſt, by emanations 
or emiſſions of his own ſubſtance, tranſmitted 
* hither : but this hypotheſis being ſubject 
* to-great difficulties, and not ſufficiently an- 
* ſwering to certain phænomena, recourſe 
vis had to another; which ſuppoſes trains 
* of fire, or light, diſpoſed in all the in- 
** terſtices of the grand expanſe of air and 
„ether between the ſun and us; and that 
* theſe trains are made to act on terreſtrial 
< bodies, by their being vigorouſly driven, 
« or ——_ towards {ſuch bodies, by the 


ſon, 


ing, and illumining, it would blind and 
„ burn us. So that the air may be conſider'd 
nas having ſomewhat of the ſame effect, with 
« reſpe& to the rays of light falling upon us, 
é that the water in a balneum marie has. 
„The ſun and ſtars, according to Sir /. 
* Newton's conjecture, are no other than 
great earths, vehemently heated: for large 
66 — he obſerves, preſerve their heat the 
longeſt, their parts heating one another; 
* _— may not great, * and fixed 
« hodies, when heated beyond a certain de- 
«« gree, emit light ſo copiouſly, as by the e- 
* miſhon and re- action thereof, and the re- 
« flexions and refractions of the rays within 
the pores, to grow ſtill hotter, till they ar- 
rive at ſuch a period of heat as is that of 
the ſun? Their parts may be further pre- 


immediate action of the ſun thereon. Theſe *© ſerved from fuming away, not only by their 
** trains in effect may be eſteem'd as a ſort of © fixity, but by the vaſt weight and denſity 
** little ſuns prolonged, but always depending of the atmoſpheres incumbent on them, 
on the great ſun, as the ſource of their mo- and ſtrongly compreſſing them, and con- 
don, and action on bodies: 'tis theſe that “ denſin the vapours and exhalations ariſing 
* form the rays of light ; they do not, in © from t Thus, we ſee that warm water, 


L point of matter, difter from the ſubſtance 
1 of the ſun himſelf; but only in this, that 
- the fame thing is more copious, in one caſe 
7 than the other. In the ſun we may ſuppoſe 
the matter of light more abundant than in 
n focus of our largeſt burning glaſſes: 
. Thus, from the vehement action of the 
\ Tays of the ſan, collected in ſuch glaſs, we 

learn what uſe the air interpoſed between 


in an exhauſted receiver, ſhall boil as ve- 
* hemently as the hotteſt water, open to the 
„% air; the weight of the incumbent atmo- 
e ſphere, in this latter caſe, keeping down 
* the vapours, and hindering the ebullition, 
« till it has conceived its utmoſt degree of 
e heat. So alſo a mixture of tin and lead, 
put on a red-hot iron in wacuo, emits a 
„ fume and flame: but the ſame mixture in 


* the rays of light is of, in tempering their © the —— air, by reaſon of the incumbent 
7 action, and rendering it more ſupportable ; © atmoſphere, does not emit the lealt ſenſible 
fince, without ſuch medium, inſtead of warm- flame 1.5 | 


2 Mem. di Þ Acad. an. 1713. 
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would be no viſible light at all; as plainly enough appears, when at the 


Farther a 
duftrated. 


| termined by the fun can fall upon them in right lines; and diſappear * 


oppoſed to the baſe of this illuminated cone, no light will appear in the 
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ſon, about twelve o'clock at night, in the middle of winter, at the time of 
new moon, in a very cold ſeaſon, and a clear ſky, look towards the heavens 
he would ſee nothing bright in that vaſt expanſe except the leſſer ſtars; the 
ſun ſhewing nothing of his heat or light through the whole viſible hemi. 
ſphere, excepting the little that is reflected to us by the planets: and yet 
at that time the rays of the ſun are diffuſed through the whole hemiſphere, 
and illuminate it accordingly, excepting only that little cone in the immenſ: 
ſpace, whoſe baſe is a great circle of the earth, and its axis 114 diameter 
of the ſame z which little inconſiderable tract is the only one in the ſhadow of 
the earth not illumined by the ſun, Hence it manifeſtly appears, that tho 
the ſun's light fill any ſpace ever fo plentifully, yet it can by no means he 
perceived by a perſon ſo placed that right lines drawn from the ſun's body, 
cannot come to his eye, unleſs the rays be reflected from ſome other re 
pelling body, which receives the rays in ftrait lines from the ſun. This 
may be ſhewn ſtill better in a chamber cloſely darken'd on all fides, fo 2 
not to admit the ſmalleſt light ; if then a ſmall part of the ſun's rays be 
admitted into the chamber through a minute aperture, there will be one 
lucid cone produced in the ſpace of the chamber, whoſe vertex will be in 
the aperture, and its baſe projected in infinitum : if then a black body be 


chamber, except to an eye placed within the cone; which eye, if placed ever 
ſo little out of this, will ſee nothing, even though the whole cone be cer 
tainly illumined. It muſt be own'd, that a perſon placed a little aſide of the 
cone will ſee ſomewhat, though very faintly ; but if we confider the reaſon 
thereof, we ſhall find this wholly owing to the duſt floating in the ar, 
which reflets ſome rays all around ; and that if this were away, there 


time of obſervation, the duſt happens to be ſo diſpoſed as to reflect no light: 
by all which it appears, that the rays of the ſolar fire naturally a& from the 
centre to the circumference in parallel lines. 

141. If now we conſider, that all objects viſible by light, but obſcure in 
themſelves, immediately begin to ſhine, or be ſeen, as ſoon as the rays de- 


the ſame time, if the paſſage to them in right lines from the ſun is ob- 
ſtructed; and i wrong if we conſider that the rays falling from the ſun 
upon a perfect plain ſpeculum, and reflected thence according to certan 
laws, will again only illuminate that fide towards which they are reffectec 
the doctrine above laid down will be ſtill further confirmed. And thus 
much we clearly learn from dioptrics, that a ray emitted in a ſtraight li 
from the ſun, falling on a clear ſpeculum, and refle&ed 'therefrom in! 
ſtraight line on another ſimilar ſpeculum, will be again reflected; and thus 
the ſame ray, how often ſoever reflected, till retains its ſhining faculty. 

is only viſible, in a right line drawn from the lucid point of the laſt re 
flecting ſpeculum to the eye; and fince this equally obtains in the whole image 
of the ſun, as in one point thereof; it appears that the power of fire, & 
determined by the ſun into parallel right lines, ſtill continues as long as the 
radiation, or reflection continues; but as ſoon as the illuminating fun * 
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this determination in right lines immediately alſo ceaſes, and the fire returns 
to its native tendency to expanſion ; ſo that the ſun appears again as the di- 
rector of fire. 

142. If we refle& again, that the 2 image of the vaſt ſun, on ac- 
count of its great diſtance, appears only a lucid orb, whoſe diameter fills the 
8375 or — 5 or 30“ zol of the viſible circle of the heavens; we ſhall find 


that his rays projected thence, on account of the ſmallneſs of the ſpace 
wherein our obſervations are made, may ſo far be reputed as parallel, 
Laſtly, the ſame may be further confirmed hence, that both in 2 ca- 
toptrics, and dioptrics, the rays of light are always ſuppoſed to iſſue in pa- 
rallel lines from the ſun; and this in the moſt accurate computations of the 
courſe, refle ctions, and refractions thereof, whereby the true points of the 
foci, reflections, and courſes are determined; ſo that all phænomena confirm 
our doctrine. 

143. To ſum up the whole in ſhort, it appears that the ſun is a cauſe, 
which, whenever it can act without any impediment on the matter of light 
lodged in the air, inſtantly drives it into parallel rays. 

144. But it has alſo been obſerved in all ages, that theſe lucid and pa- 
rallel rays of the ſun, likewiſe produce heat in the bodies they are directed 
upon ; ſo that what we have ſhewn concerning light, holds with equal 
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Concluded. 


evidence concerning heat. And as we here ſpeak of that heat which is 


found by thermometers, it again follows, that the ſame will alſo hold 
good concerning true fire, which we have hitherto been ſpeaking of. We 
have therefore Bund the true cauſe, whereby the ſun, by his direct action, 
can make fo conſiderable an increaſe in the force of fire known by expanſion, 
by merely directing the rays without any addition of new matter, or any e- 
miſſion of fire from the body of the ſun itſelf, or any generation of fire out 
of what was not fire before : a diſcovery which muſt be allow d of great im- 
portance in a treatiſe of chemiſtry. | 
145. If then it be aſked, why upon lighting a candle, which alſo deter- 
mines light in right lines, it does not at the ſame time heat the place which 
it illuminates; the anſwer is, that the ſmall radiant cone does not direct the 
rays into a paralleliſm, but diffuſes them into a ſphere ; by which means 
the fire contained in the chamber, does not a& towards any one part, but 
towards all around: but if you approach ſo near the candle, as that the 
nearneſs create as it were a kind of paralleliſm, the heat will alſo be perceived 
there, This ſeems to remove all difficulties, and eſpecially if we conſider 
2 7 has been above delivered concerning the great diverſity of 
and heat. a 


COROLLARY I. 


146. Hence, therefore, upon intercepting the rectitude of the rays, which Uton altering 


direct the fire from the ſun into a paralleliſm, ſuch paralleliſm immediately 

ceaſes, and at the ſame inſtant the particles of fire diffuſe themſelves equably 

al around; which plainly ſhews, that the whole effect was before owing to 

that paralleliſm, For ſuppoſe a _ concave oppoſed directly to. the = 
; 2 J 


the paralle- 
liſn, heat 


ceaſes. 
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at noon-day, and in clear weather; and let a body, for inſtance a rod of 
iron, be expoſed to the focus, and while this is undergoing the utmoſt violence 
of fire, let an opake body be interpoſed between the ſun and the focus of the 
concave, large enough inſtantaneouſly to ſhadow the whole area of the con- 
cave; and the effect is, that the whole burning focus will be immediately ex. 
tiguiſh'd, wough the air between the ſhadow and concave be equally hot, 
that is, equally full of fire, and the ſun ſhine equally as before, merely b 

reaſon the direction is taken away. Nor can it be alledg'd, that there is 
more fire between the concave and the focus, while the ſun was acting ſtraight 
upon the concave ; fince there was evidently no more heat at that time than 
. except what came from the reflection. There appears, therefore, 
a wide difference between the heat produced by the attrition of bodies, and 
that produced in the air by the ſolar paralleliſm ; as the former continues a 
long time, whereas the latter vaniſhes immediately; tho' when the ſun has 
once heated a body, it retains its degree of heat a conſiderable time, propor- 

tionably to its ſolidity. 
| Ereen-bouſes, 147. What we have above ſaid has been often experienced by the gar- 
bow tobe deners to their great coſt, in the building of their green-houſes ; for if the 
built windows thereof, whereby the warmth of the winter ſun at its elevation between 
ten o'clock and two, is admitted, be ſo order'd as that the rays cannot reach 
to the cieling of the room, but declining downwards leave a ſpace between 
the cieling and the part illumin'd by ſun ; there is always obſerved a 
more intenſe cold, other circumſtances remaining the ſame ; and the cold 
moiſture collecting thereon, will trickle down and deſtroy the tender plants: 
for which reaſon the green-houſes expoſed full to the ſouth ſhould always 
have their glaſs-windows erected to an angle of fourteen degrees thirty- 
nine minutes to the pavement ; and the cieling to be ſo built, as to de- 
cline downwards from the horjzontal line, drawn from the height of the 
windows towards the hind-wall, by an angle of 20 degrees go minutes, 
in thoſe countries where the elevation of the pole is 52 f degrees. The 
reaſon is eaſily deduced from aſtronomy and dialling ; and may here, for 
brevity's ſake, be omitted, 


COROLLARY II. 


The degree of 148. The greateſt fire in our air, and of bodies heated by the action of 

fire by parah the fun producing a paralleliſm, is always much leſs than that found in the 

pr "car body of a healthy man, produced by the principle of life; the latter uſually 

that by ar- riſing to 92 degrees on the thermometer, but the former rarely to 84 degrees 
trition. nor does it ever continue long at ſuch height, but preſently declines. 

we are here ſpeaking only of that heat produced in an open place, without 

help of reflection or collection, by the mere means of the rectitude of the ſun's 

rays: for clouds by their reflexion, and watery globules lodg'd in the ar, 

by their refraction may much increaſe the action of this fire; and yet e 

never heard of ſuch a fire produced by paralleliſm, or by natural reflection 

and refraQtions, as ſufficed to kindle alcohol, oil, ſulphur, or gun-powde'3 


excepting only lightnings, of which we ſhall ſſ eak hereafter ; and this — 
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hold true even of the natural heat under the equator, and all parts of the 
torrid zone. Whence it appears, that the greateſt force of the ſun is not 
able to heat any known bodies, to ſuch a degree as to burn or kindle a live 
flame in them, and thus produce a ſpontaneous conflagration; lightening 
alone excepted. And conſequently, it hence alſo appears, that the ſun is 
never ſo hot, in the moſt ſultry region of the earth, as to produce fire equal 
to what a moderate attrition will preſently raiſe in the coldeſt country, and 
the coldeſt bodies. For if iron be thus rubbed againſt iron, it ſoon heats fo 
a degree ſufficient to kindle ſulphur, or gun-powder caft upon it; and yet 
without affording any light: from whence we alſo learn, that it is no won- 
der other bodies — Rev lucid, though without being much heated ; 
and that there is no neceſſary connection between a body's ſhining much, and 
being very hot. For the light of a winter's ſun, about noon-day in a clear 
ſky, affects the eye ſo ſtrongly, as to blind it for ſome time; though its 
heat, under the ſame circumſtances, is not ſufficient to melt the thin iticles 
ſuſpended in the air, and directly oppoſite to it; as I myſelf obſerved this 
winter. The image of the ſun, reflected from poliſhed gold, filver, braſs, 
iron, tin, or glaſs, yields a glitter, which the eye can by no means bear, + 
yet affords no heat perceivable either by ſenſe, or the thermometer : from 
whence again, we conclude that there is a great difference between the nature 
of light and heat, or between luſtre and fire. 


COROLLARY III. 


149. By this means the wiſe author of all things has provided, leſt the De fur's heat 
ſun's rays coming ſtraight upon us, might deftroy the tender bodies of ani- 79 22 
mals and vegetables; I ſay ſtraight upon us, that no one may imagine I er 
ſpeak of reflected, and thus of collected rays, which by ſuch means ſome- 2 
times become far more violent, and render places uninhabitable ; as in the 
iſland of Ormus, where the white mountains of ſalt, under a certain aſpect 
of the ſun, reflect the rays ſo fiercely, as to render the place at that time 
unſufferable: but ſuch exceſſive heat of weather does not continue long; being 
ſoon temper'd by the enſuing cold. 


COROLLARY IV. 


150. If, therefore, the ſun act on the atmoſphere, at a time when all 7% is me the 
the corpuſcles floating in it are diſpoſed to an equable tranſmiſſion of the /** 5 le 
rays, all the fire in the atmoſphere would act in parallel lines, excepting 3 
that part hid in the conic ſhadow of the earth; but it is hardly credible 
this ſhould happen on various accounts, but much more likely there ſhould 
be at all times both reflexions, refractions, collections, and difperſions, with- 
in the ſame, And thus I have, accordingly, obſerved the ſun's force and 
effect on the atmoſphere, and the earth, to be always ſurprizingly diverſified; 
but in thoſe . which are out of the atmoſphere of our earth, the fire 
directed by the ſun ſhould always ſeem to be proportionable to the ſpaces 

emſelves, we mean in regions not far from each other. 
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COROLLARY V. 


151. Hence it appears no way probable, that the ſame degree of fire 
ſhould ever be found in two different places. For, whether we conſider the 
different aſpects of the ſun with regard to the earth, or the different con- 
ſtitution and motion of the bodies floating in the atmoſphere, or the diffe- 
rent diſpoſition of the air at different altitudes of it, or ſeveral other mat. 
ters; we ſhall always find, that nothing appears more ſollicitouſly provided 
againſt, than that the ſame effect of fire ſhould be found at different places, — 
The force of theſe cauſes will appear by the following experiment. 


EXPERIMENT XIII. 


152. If this fire determined by the ſun, be received on the blackeſt known 
bodies, its heat will be long retain'd therein ; and hence ſuch bodies are the 
ſooneſt and the ſtrongeſt heated by the ſame fire, as alſo the quickeſt dried, 
after having been moiſten'd with water ; and it may be added, that they 
alſo burn by much the readieſt: all which points are confirm'd by daily ob- 
ſervations {q). Let a piece of cloth be hung in the air, open to. the ſun, 
one part of it dyed black, another part of a white colour, others of ſcar- 
let, and diverſe other colours; the black part will always be found to heat 
the moſt, and the quickeſt of all ; and the others will each heat the more 
ſlowly, by how much they reflect the rays more ſtrongly to the eye; thus 
the white will warm the floweſt of them all, and next to that the red, and fo 
of the reſt in proportion, as their colour is brighter or weaker. This is 
well known to the nations who inhabit the hotter climates, where the outer 
garments, if of a white colour, are found beſt to preſerve the body from 
the ſcorching ſun ; and black ones, on the contrary, to increaſe the heat, 
And it has often been obſerved by the makers of woollen cloth, that if at 
the ſame time and place they hang out two wet pieces, the one black, the 
other white, the former will ſmoak and dry quickly, but the latter retain 
its water long; and cloths of other colours will dry ſo much the flower, 
by how much their colours are the brighter. 95 

153. It has alſo been long ago obſerved, that all black bodies are ſooner 
kindled and ſet on flame by the ſame fire, than thoſe of any other colour, 
The duſt of white touch-wood will hardly catch, and ſuſtain a ſpark of fie 
ſtruck on it; whereas. if the ſame be ſtruck on a black coal, the duſt hereof 
will readily receive, and keep it up, ſo that in a ſhort time the whole 
duſt will be on fire. The pureſt and whiteſt linen will hardly maintain 3 
* thrown on it; but if the like ſpark be caſt on tinder, which is only 

e coal of linen kindled, and again extinguiſhed, it will e — 

roug 
This extraordinary ſuſceptibili refracti ithi ir motion be 
in act bodies, Sir Y Now pon Lanly 66 t, and AR their heat, os, 
hence, that the rays of light falling on them, loſt ; f. e. according to im, fill they ceaſe 
are neither reflefted from them, or tranſ- to be fire: but what motion and heat they 
mitted through them ; but, ertering the bo- themſelves loſe, the body receives. 
dies, undergo a great number of refleftions . 
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through the whole body of it, Nor would gun-powder, were it not for its 
black colour, be ſo eaſy to kindle ; as appears by the powder made of white 
nitre ground with ſulphur. The gardeners have long complain'd, that their 
white ſoils would not warm with the ſun, except in the very outmoſt ſurface 
whereas the black grows ſo hot, as to burn the roots of plants. The che- 
miſts have long ago obſerved, that black bodies, when committed to digeſtion, 
or reduced to blackneſs by art, eaſier grow hot by the ſame fire, in the caput 
corvi, collum cygni, or cauda pavonis, which require different degrees of fire. 
Laſtly, the philoſophers have confirmed the matter by experiments. If a 
iece of white paper be laid on the focus of a burning-glafs, it will be long 
fore it heat, and very long before it take firez and as ſoon as kindled, 
quits its whiteneſs, turns brown, and then black ; immediately after which 
it catches flame: whereas, if a black paper be laid on the ſame focus it im- 
mediately takes fire. We have ſome extraordinary things on this head in 
the experiments of the academy del Cimento (r). Hence we ſee the reaſon 
of many phænomena in meteors ; it being a known point, that thunder and 
lightning are never found more furious than in dark weather, when the 
heavens are cover'd with black clouds; from whence uſually ariſe terrible 
whirlwinds, by the rarifaction of the air, occaſion'd by the ſudden im- 
menſe production of heat. 


EXPERIMENT XIV. 


154. Black bodies do not reflect or throw off the light, how ſtrongly ſo- Vari bodles 
ever it ſtrike on them, as we found by the following experiment: Smeering a 1/7 * 
ſtrongly- burning glaſs over with the ſmoke of a burning candle, till it was cn} ng 
quite black, . then expoſing it to the ſun, an eye, placed in the focus, 
could not perceive either the leaſt light or heat therein, or any other mark 
of fire; but no ſooner was the ſmoke quite clean off, and the glaſs reſtored 
to its former brightneſs, than upon expoſing it to the ſun, it had recovered 
all its power of ſhining and burning. Hence it is, that ſore eyes are not 
offended with black colours, and thoſe affected with the opbthalmia have no 
relief from any colour, equal to that of the privation of all colours, viz. 
darkneſs, So T/chirnhauſe's burning-glaſs, if covered with a thin fuligo 

from the ſmoke of a burning candle, and thus oppoſed to the hotteſt ſun, 
will neither produce keat nor light in the focus thereof, 

155. From all which it plainly appears, how ſmall a matter in the air 
may often ſuffice to prevent the greateſt effects of fire produced by the ſun ; 
and in the mean while, how different a degree of heat the ſame cauſe may 
produce in different places; wherein it is very remarkable w..at effect a flight 
coat or cover of blackneſs will produce. 

156. But the whiteſt bodies reflect the light which they receive with ite enen 
nearly the fame force as it ſtruck them: this clearly appears from a white 4 
metal; e. gr, pure ſolid ſilver, when formed into a ſpeculum, which will 

retain 
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retain the ſun's image, almoſt with equal vigour as it received it; ſo as to 
dazzle and hurt the eyes, and prove intolerable where the eyes are inflam'd. 
Thus if we view a clear plain glaſs oppoſite to the ſun, we ſhall find it 
tranſmit the rays ſeemingly without any alteration : but if we view it with 
the eye placed directly againſt the ſun and the glaſs, we ſhall ſee nothing 


in it;; yet if the hind-part of the glaſs be cover'd over with quickſilver and 
tin, mixed in a certain proportion, which afford an excceding white coat, 
the ſun's image will immediately appear in it in all its luſtre, and be reflected 
from it with intolerable brightneſs. + | 

157. The yellow glittering of gold is alſo known to refle& the ſun's rays 
with great ſtrength ; but this is no where more conſpicuous than in a con- 
cave ſpeculum form'd of wood, exquiſitely turn'd into a ſpherical concave 
figure, and thus poliſhed, and exactly cover'd over with gold- leaves; the 
incredible effect of which, in burning bodies, has lately been ſeen in Saxay, 
Nor can it be ſuppoſed, that this is owing to any property in the metal; 2 


appears from another ſtill more extraordinary ſpeculum, which burns vehe- 


mently, and yet is made of pieces of ſtraw artfully interwoven together. 
158. Thus red, and all the other capital colours defined by Sir Laa 


Newton's theory, may be examined. both with regard to the light which 


they collect in the focus, and the fire and heat, which they produce in the 
ſame : for if ſpeculums be made of the ſame matter, magnitude, and form, 
poliſhed alſo in the ſame manner, but their ſurfaces of different colours, and 
thus expoſed to the ſun, the different powers of the fire collected in their 
focus's, will give us a view of the effects of the colours, with regard to the 


generation of fire; and at the ſame time ſhew which colours will heat, which 


How far the 
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proper ſhades to 


cool, and which gr; or mitigate the ſame; which reflect the fire, which 


| retain, and which diſſipate it. It may ſuffice for our purpoſe, juſt to indi- 


cate theſe things; we proceed to a further examination of fire. 


COROLLARY. I. 


159. From what has been obſerved, it will be eaſy to conceive the doc- 
trine of burning ſpeculums, ſo far as their power depends on the colour of 
their ſmooth polied ſurface: a few experiments, carefully made, may ſuf- 
ficiently aſcertain how far the colour of the ſpeculum contributes to the 
force of its focus. | | | 


COROLLARY II. 


160. Nor will it be leſs eaſy to conceive the foundation of the force of 
fire, by enquiring what colours are to be laid on bodies, in order to lean 
what effect, as to heating and cooling, will ariſe therefrom. For thus much 
may be learn'd from the colour of the ground we tread on: a black earth 
burns the feet, but fpares the eyes; walking on a white one ſcarce watms 
the feet, but is troubleſome to the eyes. The ſame may be obſerved with 
regard to N and hangings; and hence we have a hint for the making 

eep heat from the body, and the blaze of light from the 
eyes. *Tis certain that houſes white on the outſide, are cold on the infide 
| 0 
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and thoſe black on the outſide are hot on the inſide; —_— the matter 
white on the 


and dimenſions of the walls the ſame, Covers for the head, 
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outſide, but the lower brim black, afford a great relief to the head in a 


ſcorching ſeaſon. 


COROLLART III. 


161. Upon the ſame accounts we find the ground intolerably hot, where 
the ſoil is black, and expoſed to a briſk ſun, 
the air itſelf is ſo hot, that it can ſcarce be endured ; as is particularly ob- 
ſerved in the iſland of Ormus, where a chain of white mountains, running 
from eaſt to weſt, reflect the light ſo ſtrongly, that men have no way to 
preſerve themſelves from the extreme heat hence ariſing, but by lying and 


ſleeping under water, with their heads only kept above it. The Ike is 


found at Gamron, occaſion'd by a white ſandy mountain, which reflects the 
rays ſo vehemently, that though theſe places lie without the tropic north- 
wards, the atmoſphere is ſcarce found ſo ſcorching in any other part (5). 
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In ſome parts of the earth, 7 


The cauſe of 


on the 


earth, and in 


the air. 


162, Water and other fluids are raiſed in the atmoſphere, either by force 3: 
of the terreſtrial or aerial fire, and are brought to recede from each other «whence. 


by the ſame fire, the more eaſily, by how much. they are preſſed with a 
leſs weight of atmoſphere ; conſequently the higher they aſcend, the further 
they till recede from each other, both on account of the enlargement of 
their ſpaces, and the diminution of their reciprocal attraction. 'Thus there 
will be continually a leſs attrition between them, and conſequently the leſs 
fire will they collect about them; they will grow colder, and float about thro? 
the immenſe ſpaces of the atmoſphere z which will ſtill give them the leſs aſſi · 
ſtance, the higher they are. While thus agitated, the watery parts are pro- 
bably reſolved into their atoms, which ſingly are perfectly hard, rigid, and 
immutable; but when reunited, conſtitute a ſoft water, as before. And as 
ſoon as, from any cauſe, ſeveral particles of watery vapour begin again to unite 
in this upper, and conſequently colder part of the air, tis probable the air 
becomes filled with a multitude of little ſlender. icy ſhivers ; which when they 
begin to deſcend, and in their progreſs nearer the earth begin to be collected 
into leſs compaſs, reflect the rays of the ſun which fall on them, and thus 
orm the appearance of white clouds; which the whiter they are, the more 
certainly do they prognoſticate ſnow, hail, cold ſhowers, and winds z but 
the whiter the face of ſuch a cloud, oppoſed to the ſun, does appear, the 
colder always will its hind part turn'd from the ſun neceſſarily be ound; as 
being deſtitute at that time of the ſun's heat. Hence it follows, that ſuch 
clouds may increaſe the heat of the air in a ſhort time; eſpecially when by 
their various poſitions, in reſpe& to the ſun, - the happen to project his 
reflected rays upon ſome  fmall part of the air, and thus form as it were a 
kind of focus; but if black clouds be ſeen in the ſky, at the ſame time 
that the ſun ſhines, thunder and lightning uſually ſoon follow. r. 
M m COR O L- 
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ſtrikes the air directly, the fire in it is immediately driven into parallel beams, 


though 
creaſe of heat. If we again conſider, that the ground on which we tread, 
becomes ſuddenly expoſed to theſe parallel rays, it muſt alſo heat quickly ; 


fire 
commodated to each other, as that fire, when render'd parallel by the ſun's 
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COROLLARY V. 


b 163. After what has preceded, we can no longer wonder how ſuch (ug. 
den viciflitudes of heat and cold ſhould ſometimes ariſe in a certain part of 
the atmoſphere. For if we conſider, that at the ſame time, when the {un 


vaguely diſperſed before; this gives us one great cauſe of the in- 


laftly, that all bodies in this air, or upon the earth, will alſo be heated 
more and more by the irradiation of the appearing fun : from whence it fol. 
lows, that the heat in a certain place may be increaſed, as above-mention'd, 
wow uv not a ſingle particle of fire ſhould be added to what was in it before, 
So that we have found another manner of exciting latent fire; viz, by the 


action of the ſun impelling the particles of fire, fo as to make them proceed. 
u panlid lines pelling the particles p 


EXPERIMENT XV. 


164. If now we conceive, perfectly white poliſhed minute bodies ſo ar. 


action, and directed on the ſurfaces of ſuch bodies, ſo as that all the rays 
reflected from them unite in one fmall point, all the fire will then be col. 
lected in ſuch place; which fire, otherwiſe, if the bodies had been diſfoſed 
rallelly in the fame plane, would have been driven into a paralleliſm as it 
| Whenee it follows, that the fire in this point, which we ſhall here- 
after call a focus, will be ſo much the ſtronger, on account of the increal 
of its quantity, by how much ſuch point or place collecting the rays, is | 
than the whole ſum or ſpace of the ſurface of the reſſecting bodies: and this fire, 
as now increaſed by paralleliſm, has been deſcribed in the preceding articles. 
165. If, therefore, we could make a concave ſpeculum, whoſe cavity 
were form'd by the revolution of a perfect Apollonian parabola about its axis 
and conſequently ſhould have perfectly the figure of a parabolic conoid ; and 
ſuppoſing the matter of ſuch fpeculum alſo to be very denſe, as gold, and 
its colour white, as the fineſt mercury; and laſtly that it be exceedingly elaſtic, 
as the fineſt ſteel, and its aperture or baſe very large, we ſhould find, that i. 
the point of the axis of ſuch ſpeculum, diſtant + part of the /atus rectum from 
the vertex, the whole power of the fire, which enter'd in a parallel direction, 
within the circular baſe of the parabolic conoid, placed parallel to the face of 
the ſun's diſk, will be connected, and conſequently, by increafing the mag 
nitude of the ſpeculum, this force may be ſtill further and further augmented. 
But human induftry has not yet been able to diſcover ſuch a matter, nor to 
give ſuch a figure to a concave body; ſo that the excellency here ſpoke of 


> hitherto little other than ideal. 166 
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166. The next view after this, is to chuſe the moſt ſolid, white, hard, 
elaſtic matter, and to poliſh it thoroughly, ſo as to leave no inequalities on 
its concave ſurface, and give it a ſpherical figure, which was ſuppoſed prac- |. 
tical by turning and grinding; but neither has this been found practicable, on || 
account of the difficulty of the poliſhing : fire, after this manner may be - | 
raiſed to an incredibly violent degree. pre 
167. Not to enumerate all the other contrivances, it may ſuffice to con- De prever 
ſider the beſt which has hitherto been produced; being that made by the Villette's 
two Villettes, father and ſon, of Lyons, with great expence and infinite la- 1 
bour. It is made of a metallic matter, whoſe due mixture was diſcover d 
by a multitude of trials; it is ground to a hollow ſpherical figure, ſo as the 
chord of the ſegment of the circle, by whoſe revolution it was formed, or 
the diameter of the circle which defines its plane or diameter, is 43 inches 3 
conſequently the area of its plane, whereby the rays are admitted, contains | 
1452 +4 French inches: its figure is both concave and convex, and either 0 
fide or face poliſhed with the greateſt nicety poſſible ; the whole weighs 400 
French pounds, Laſtly, the rays determined on it by the ſun, when oppoſed 
directly thereto, are collected into a circle in the air, of half an inch diameter, 
at the diſtance of 3 feet and an half from the bottom of the ſpeculum; con- 
ſequently the parallel rays of the ſun, falling within the cirele * pins of 
the ſpeculum, on the concave ſurface thereof, if they be all refl into the 
focus, will be contracted out of a ſpace of 7396 into a ſpace of 1 ; ſo that 
the fire will be 7396 times ſtronger in the focus than it was before in the air. 
The difference appears exceſſive ; but it muſt be conſidered that we here 
ſuppoſed all the rays, which fell on the ſurface, to be refleted from it, 
which is found falſe by experiment; in regard its figure is neither perfectly 
ſpherical, nor perfectly ſmooth and poliſhed, or without inequalities ; as 
| appears by the microſcope, and even upon looking obliquely with the naked 
eye. However this be, if we could find the proportion of the reflected to 
| the incident rays, it would be eaſy to compute the preciſe increaſe of fire, 
without which we can only ſay in the general, that the fire here produced is 
extremely violent: for, upon experiments frequently repeated, it has been 
found that all bodies, combuſtible by any fire, when placed in this focus, ar 
inſtantaneouſly burnt ; and even bodies, which by reaſon of their moiſtnel: 
do not readily burr, till the fire have firſt dried them, do here take flame 
immediately; as has been found in a thick piece of green wood, mama 
kwards and forwards in the focus, which is immediately ſet on fire, and 
continues to burn conſtantly. though moved about; the flame ſtill ariſing in 
that part which is expoſed to the focus. The fix metals melt in a minute in 
the ſame focus ; as do alſo all the ſemimetals hitherto tried. Add, thatftony- 
and rocky bodies likewiſe immediately fuſe, and after fuſion turn to glais. The 
vehement force it exerts on theſe occaſions may be learnt hence, that in the 
twinkling of an eye, it melts bones themſelves, whoſe aſhes can ſa powerfully 
refiſt the force of fire and lead in the refiner's teſt ; and that it melts and vi- 


; trifies tiles, clay, ſand, crucibles, marble, jaſper, and porphire, inſtanta- 
neoully. Laſtly, what no perſon unacquainted with. the hidden force of 
fre would ever 13 


ve imagined, the very ſtones uſed in the building of furnaces 
Shaw 15% ve 44 for 


4 
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-for melting iron, and ſeparating it from the ore, immediately melt and vi. 
trify in the ſame focus; notwithſtanding that ſuch ſtones might have conti- 
nued expoſed to the fierceſt common fire for many years without any change 
fo that this fire, collected by the ſpeculum, will do that in the ſhorteſt time, 
which the greateſt fire we can raiſe by other mearis is not able to effect in any 
length of years ; and yet this fire ſubſiſts in the thin air, or even perhaps jy 
vacuo; the air being all expelled out of the place by the force of fire, which 
thus remains without any fewel; continuing as long as the ſun continues to 

\ thine on the ſpeculum. | 

Extraordi- 168. But the colder the matter of ſuch ſpeculum is, the more violent 
nary proper- is the fire always found in its focus; conſequently, the denſer the metal. 
_ _— line matter is, the greater is its effect: add, that by this coldneſs, the e- 
the rays of the laſticity is alſo increaſed, which makes another addition to the effect of 
moon afford the ſpeculum. In proportion as the body of the ſame ſpeculum grows hot. 
wo beat. ſts Gion grows weaker and weaker; hence it is always found more power- 
ful in the winter-time, in clear cold weather, than under the like clearneſs of 
air in ſummer. It has been above obſerved, that the coheſion of the particle 
of bodies is continually looſen'd by the action of fire, and this proportions 
bly ; which muſt leave greater interſtices between thoſe particles, and con- 
ſequently leſſen their contraction, and the elaſticity ariſing therefrom. This 
would afford a large field for ſpeculation : but it being impoſſible for us now 
to exhauſt every thing, we ſhall only here take — Far to note, that in a 
clear winter's night, at the time of full moon, the image of that luminary 
being received directly on the ſpeculum, produces a very bright focus, too ve. 
hement for any eye to endure ; and yet the ball of a moſt exquiſite thermo. 
meter, being applied to the centre of the ſame focus, affords not the lealt 
fign either of heat or cold, but remains perfectly unmoved : which appears 
the more wonderful, as the rays reflected from the moon's body upon the 
ſpeculum, were originally directed by the fun; whoſe image, as mention'l 
in the former experiments, when received on a plain glaſs ſpeculum, and 
reflected directly therefrom upon Villetie's concave one, produce a fire in 
its focus, almoſt as vehement, as if the rays had been received imme. 
diately from the ſun itſelf: which affords a new proof of the difference 
above-mention'd, between heat and light. Theſe are the chief phyſical ef 
fects relating to our preſent purpoſe, as they are accurately deliver'd by tht 
excellent author himſelf ; the ul whereof will be preſently ſhewn in pro- 
ſecuting this ſubject. 
Conveniences 169. One inconvenience is found in this noble inſtrument; viz. that re 
and inconve- quiring the ſun to be of a good height, in order to receive the power of ih 
eue und be directly oppoſed to it, ſo as the axis of the diſk of the ſun, and d 
the concavity of the ſpeculum be in the ſame right line, it thence becomæ 
neceflary for the bodies to be tried in its focus, to be placed in the fame 
line; by which means they cannot be prevented from falling down s 
ſoon as fuſed 5; whence they eſcape the further action of the fire, and can- 
not be brought under any new trial after melted 5 which on many ccc 
fions would be highly uſeful. But this inconvenience is in ſome meaſure 


compenſated, in that the external ſurface of the poliſhed metal a 
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all the reflection, and thus does not diſſipate or change the rays z whereas 
glaſs ſpeculums, made to reflect by covering them over with mercury, diſſi- 
pate many of the rays by the multiplicity of images produced by the diffe- 
rent poſitions, or tranſparent particles of glaſs: and other ways of pro- 
ducing the like focus's, by refraction of the rays produced by tranſparent bo- 
dies of proper figure, act ſtill more faintly ; in regard they at the fame time 
reflect a great quantity of the rays in all directions, and abſorb and ſuffocate 
many others in the obliquity of their pores. | 


COROLLARY TI 


170. From a conſideration. of what has been above delivered, it evi- The fan. of 


dently follows, that the heavenly bodies, both planets and fixed ſtars, make 
no ſenſible alteration in our fire as to heat and cold; for, to omit the ſun, 
whoſe effects we have been above relating, the mvon is the only one whoſe 


a compaſs, produces not the leaſt ſign either of expanſion or conttaction in 
the air; from whence it will eaſily follow, that the light of the other pla- 
nets muſt do till leſs : neither has the light of the fixed ftars any effect in the 
like caſe. If, therefore, which does not appear improbable, theſe bodies have 
any influence on the heat or cold of our earth and atmoſphere, it will ne- 
ceſſarily follow, that they muſt act after ſome other manner than by the 
emiſſion of rays of light. Nor will it avail the aſtrologers to alledge the 
various aſpects, conjunctions, and conſtellations of the ftars ; it being evi- 
dent, from the above experiments, that theſe make no alteration therein, 
So that we may therefore conclude, that all the heat derived to us from-the 
heavenly bodies depends wholly on the ſun; no other known body, having, 


hitherto been found to contribute thereto, | 


COROLLARY II. 


all the cele- 
flial bodies, 
. increaſes fire 


| by paralleliſm 
image received on this ſpeculum, and after reflection collected into ſo narrow er refledion. 


171, Upon conſidering theſe things, it will not be. ſo eaſy to conceive Celeftial in- 
the remarkable changes produced in bodies by the ſtars; in regard moſt of Fences net 


thoſe known to us are accompanied with heat or cold at the time they pro- 
duce their effects: it follows, therefore, that the influence which the ſtars 
are ſuppoſed to have on theſe ſublunary bodies, muſt ariſe from ſome other 
cauſes which are not owing to fire; whence alſo thoſe viciflitudes do not 
appear to depend on: the communication or alteration of fire produced there- 
by Nor has the power yet been aſcertain'd by experiments, whereby: thoſe 
ſuperior bodies affect our inferior regions,-unleſs-perhaps it be gravity; which 
8 2 very different thing both from fire and light, nor has any dependance 
on them. This power too is different, according to the different aſpe& of 
the ſtars; hence, in reſpect of the differences of attraction and repulſion, 


many changes may be produced in bodies, as no one acquainted with theſs 
things will deny. | 


CoOROUL 


— 


vity. 


owing to fire; 
poſſibly gra” 
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COROLLARY III. 


Various phe- 172. From what has been above explain'd, we may be able to account 

womena of the for ſeveral phenomena of the air, which on ſome occaſions: have ſtrange 

— ——ag effects on our chemical operations. It has been ſhewn by the learned Halls, 
that water is continually evaporating and riſing into the air in vaſt quantity, 
and that in clear weather it will mount to a great — as appears by the 
tranſparency and the increaſed weight of the atmoſphere ; here alſo it wil 
then freeze, if its particles happen to join in thoſe high places. 

173. And what hinders the ſame, when thus form'd, from uniting toge- 
| ther in great maſſes, and thus appearing in form of clouds? And muſt not 
| theſe on many accounts be continually changing their figures, and becoming 
| 

4" ſometimes plain, and then ſpherical, and fo of the reſt : and ſuppoſing thus 
| | | much, muſt not the action of the ſun ſhining through the air, and received Fa 
| 
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on ſuch ſpecula, and again reflected therefrom, produce many ſudden and 
extraordinary appearances of light? And when again diſpoſed in a different 
manner and fituation, in to each other, may not thick darkneſs im- 5 
mediately enſue by a ſuffocation of the rays of light ? When the clouds are ! 
— the ſun and moon, fo as to appear very white, ſnow or hail 
uſually enfue ſoon after; and in a very ſultry ſeaſon, after a long drought 
| and calm, we have obſerved ſmall white clouds, riſen a good height, con- 
| | tinually increaſing at a great rate; and in = as they increaſe, turn- 
| ing leſs and leſs white, till at length, collecting out of a vaſt extent into 
a narrow pyramidal ſpace pointed towards the earth, they make a thick 
ſhadow, and at laſt burſt down in ſhowers with great vehemence; 
which falling with large drops, ſhew they had formerly made hail, while 
in the higher and colder __ which, in its deſcent through the lower 
and warmer were ſuddenly thawed : or if the hail- ſtones were too big 
when above, they fall to the ground in their ſolid form; on both which 
accounts they produce a great and ſpeedy coolneſs in the lower air: all which 
is eaſily conceivable from the few ſimple principles above laid down. For 
the higher the particles were raiſed, the more icy muſt they neceſſarily 
become; and for the ſame reaſon, with the more violence muſt they fall, 
when once they begin to deſcend ; their paſſage being continually accelerated, 
according to the principles of Galileo. 6 a ſmall cloud compared to a 
bull's eye, appearing in a clearſky in Alia, and failing from thence, appears the 
bigger the nearer it comes, according to the reciprocal ratio of the diftances 
till reaching the earth, it ſhakes every thing with immenſe force, forming a 
Whirlwind, and often turning into a tornado, which drives from the cen- 
tre towards the circumference of the horizontal circle. Does it not ap- 
pear probable then, that the clear whiteneſs of clouds is always owing t9 
ſnow or ice, formed and ſuſpended therein? *Tis certain, that water illu- 
min'd by the ſun never appears white, excepting when turn'd to froth, 
ſow, or ice, unleſs it receive and tranſmit the ſun's rays very obliquely 
3 to the eye. Again, if it be conſider'd, that if frozen water, by the con- 
.currence of wind, be gather'd from all quarters into one maſs, and r 
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oppoſed to the ſun, and the rays reflected from that part of the ſurface, and 
by this means the air between ſuch ſurface of the frozen cloud and the ſun, 
de heated, moved, and rarified, while at the ſame time in other parts the 
action of heat and light is very different; or if we conceive that large globe, 
as pretty ſolid, and not ing ants the cold will be ſo much the ſtronger 
in the part turn'd from the ſun, and the air likewiſe ſo much the denſer : 
on all which accounts there will ariſe a ſurprizing rotation of the globe, 
which will be the more rapid as the ſun's heat is the greater, the icy globe 
denſer, the cold on the hind part keener, and the fall of the globe out of a 
high light air into one that is lower, denſer, and more reſiſting. 

174. If theſe things be conſidered attentively, we ſhall no longer wonder 
at thoſe horrible ſtorms which uſually ſucceed long calms z eſpecially if we 
recolle& the great attrition which bodies undergo in falling from a high 
co lower heavy air; and the vehement heat and fire which muſt ſfud- 
denly be produced thereby. It may alſo be remember'd, that in ſome parts 


of the earth an intolerable heat ſometimes riſes ſuddenly, which ſoon after 


turns into a horrible ſtorm 3 and it has been obſerved that this always hap- 
pens when the ſky is interſperſed with ſeparate clouds. For if a few ſnowy 
or icy clouds, eſpecially if of a large ſize, be ſo diſpoſed in the atmoſphere 
as to form reflecting ſpeculums, whoſe 2 effect meets in ſome one place, 
which may and muſt often be the caſe ; tis eaſy to conceive that a ve- 
hement heat muſt ſuddenly arife in ſach place, and the air be greatly 
expanded therein, fo as ſometimes to produce a great vacuum; which being 
heated by the fire collected there, the cloud and expelled air will be driven 
with a violent motion and noiſe, and thus form a kind of rotatory vortices. 
ee after which, on a — of the ſituation of the clouds, the focus 
ing diſſipated, the air, ſnow, hail, water, and other bodies near at hand, 
vill ruſh violently into the void ſpaces. I have long been of opinion, that 
the ſun's light being repelled from icy clouds, and collected into vaſt focus's,. 
was the chief cauſe of the many ſtupendous and deſtructive eſſects from time 
to time obſerved in the atmoſphere. A learned Engliſhman has demonſtrated 
with great ſubtilty, what the force of common, heavy, elaſtie air would 
de, when ruſhing into a mere Torricellian vacuum; and ſhews, that it would. 
be incomparably greater than that of the moſt violent wind that ever was- 
known; which ſcarce moves above 22 or 23 feet in the ſpace of a ſecond ;. 
whereas this air would move 1305 feet in the ſame time (). „ 
then the number, magnitude, denſity, and different diſpoſitions which theſe: 
atmoſpherical ſpecula may be found in; what ſtupendous effects may not be 
produced thereby? Hence, lightning, thunder, whirlwinds, ſtorms, thun- 
r-bolts, winds, and other meteors. Hence alſo we may probably con- 
ceive why theſe rarely happen in a hot ſeaſon, if the ſky is clear, and free 
from clouds; and why after the formation of clouds, ſuch ſurprizing changes 
fo ſuddenly follow. | | 
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it being evident that theſe, either 


cæteris paribus, is ſtronge 


dierſtanding of fire ; which, for want hereof, is falſly imagin'd to be inhe- 
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COROLLARY IV. 


175. But more frequent and violent effects of this kind never happe, 
than when after a long ſharp froſt, which has bound up the rivers, and even 
penetrated the earth's ſurface to a conſiderable depth : for if a ſudden thay 
then take place, it is uſually quickly ſucceeded by a multitude of clouds, 
uncommon heats, and then by thunder and lightning. The reaſon is, that the 
fat vapours and exhalations raiſed by the ſubterraneous heat, have long re. 
main*d impriſoned under that covering of the earth; as appears hence, that if 
the ice of a ditch be broke in the middle of a ſevere froſt, i: preſently emits 
warm vapours, and this the more plentifully, as well as the hotter, by hoy 
much the froſt is harder, and the ice thicker. As ſoon therefore as the ex- 
terior frozen turf of earth is ſoften'd by warmth, the pent up vapours im- 
mediately.eſcape through all the paſſages they can find, and mounting on 
high form clouds, which being driven about, and ſometimes illumin'd by 
the ſun, produce thoſe effects above deſcribed. Hence thoſe violent thun- 
ders in Muſcovy, Sweden, and Denmark after a thaw. Add, that bodies in 
the moſt ſolid ſtate of cold have till a conſiderable motion of attrition, 


COROLLARY V. 


176. It may next be confidered, that the rays reflected from the earth, or 
buildings, mountains, and the like, may in ſome ſituations, with regard to 
the fun, produce a much greater degree of heat in one place than in another: 

y deſign or accident, may be fo conſti- 
tuted as to make a great addition to the heat in the centre of the place; and“ 
it may be added, t the diverſity of colours found in the adjacent bodies, 
as we have hinted before, may make a'great alteration in the degree of heat. 
Laſtly, it muſt be remember'd, that in the different ſeaſons of the year, a 


great difference is continually ariſing in the ſun's direction to thoſe bodies; 


whence continual increaſes and diminutions, in the reflections, focus's, &. 
From all which we may eaſily perceive whence it happens, that ſome places 
on a certain time of the day or year, differ ſo much from themſelves, as to 
heat, cold, and light. It is well known, that in ſome countries the morn- 
ing, in others the evening ſun is the hotteſt : the three points above-men- 
tioned ought here to be conſidered and examined in their proper places. What 
moſt concerns our preſent purpoſe is, that either the fire may be render d 
2 or leſs, without any other cauſe than a mere reflection, and a col: 
ion, or diſperſion ariſing therefrom. It is vulgarly imagined, that the heat, 

1 in high open places, but the contrary is founded 

on fact; ſince in clear hot weather the air is cooler and more temperate in 
wide extended plain than in the valleys; whence horſes and other cattle find 
themſelves beſt, and move and run more without tiring or blowing on large 


heaths than in other places. In effect, in ſuch puns there is ſcarce an 


heat produced, except from the common impulſe of the rays, and their re- 
flections from the clouds: all which things conduce much to a right un- 


rent 
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rent in ſome parts of the earth more than others; whence many fictions have 
deen entertain d foreign to the true nature of fire : whereas, all things duly ex- 
amin'd, fire appears equably diſtributed in all places. 


COROLLART VL 


177. It may ſuffice to have thus briefly ſhewn, that the meteors in the Recapitula- 
atmoſphere, and the heats in the inhabited parts of the earth, with the fe- ew to me- 
veral effects ariſing therefrom, all owe their origin, degrees, and viciſſi: 
tudes, chiefly to a change in the reflection of the ſun's parallel rays. 


COROLLARY vn. 


178. It would be a matter of ſtill higher enquiry, as well as of conſidera- Difficult ts 
ble uſe, to define the true proportion between the quantity of light falling 4/2" 2 
from a given ſpace upon a reflected body, and the quantity of the ſame = 
collected after the reflection in a focus. Suppoſe then, the light from a z-ic focus. 
circle two feet in diameter to fall on a concave ſpherical ſpeculum, and 
reflected thence into a circular focus of an inch diameter, the areas of the 
luminous ſpace and of the focus may eaſily be compared together, as being 
in a duplicate ratio of their diameters : whence the mathematicians have allo 
deduced, that incident light is in the fame proportion to reflected. But 
if we conſider the thing vhyſically, we ſhall meet with much greater difh- 

_ than at firſt Gght would be apprehended in the ſolution of ſo ſimple 
a problem, 

Ren For who can aſſign the number of pores or vacuities in the whole From the pores 
concave ſurface of the ſpeculum, in proportion to the ſolid matter, by whoſe Eg * 
ſurface the reflexion is performed; all the ſubſtances hitherto uſed for this 
purpoſe being much lighter than iron, and conſequently ſo much more po- 
rous than gold, whoſe real ſolidity, with regard to its bulk, has not yet 
been aſcertain'd. Hence it appears impoſſible to fix this matter, which how- 
ever is abſolutely neceſſary to determine the point required: perhaps not 
above a millionth part of the bulk of a given body is true matter, and 
that all other parts may be conſidered as pores or vacuums; What quan- 
tity therefore of the incident light muſt be Joſt on this ſcore is ealy to 
conceive. | 

180, But allowing a perfectly ſolid body were procurable, how ſhould we 7s feure. 
then determine the figure of the ſpeculum ? For ſuppoſe it to be ſpherical ; if 
it were really ſo, its infide would be perfectly black, except in the ſingle place 
of its focus, or in the lucid vertical cone carried on to the By or prolonged a 
little beyond, in diverging and deflecting coloured rays, as follows from the 
doctrine of the great Newton : whereas the bottom appears in every ſituation. 
ut to give the true figure to the metal, by grinding or poliſhing, is ſcarce 
poſſible ; for if we view the extreme parts, even of the ſmootheſt and beſt 
poliſhed ſpeculum, with a good microſcope, we ſhall find it rugged, un- 
en and porous; and be convinced that only the ſmalleſt part of the con- 
<avity 18 of the ſame figure: the figure of the whole being every where 


n diver- 
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diverſified and irregular; which takes away all hope of diſcovering the 
quantity of reflected light. 

181. But were theſe difficulties overcome, there is another conſiderable 
one ſtill behind; viz. what certainty we have that the matter is every where 
the ſame, and reflects the light equally, and with the ſame force in every 
point of the ſpeculum ; for by Sir Iſaac Newton's doctrine it appears, that 
there may be a great diverſity in bodies in this reſpect? How do we knoy, 
but there is ſome hitherto unknown matter mixed with the reſt, which has no 
power of reflecting at all, and which extinguiſhes a part of the rays propor- 
tionable to the quantity of this matter found in the mixture. Again, tho 
we might diſcover the quantity of fire in the focus, with regard to the quan- 
tity which falls parallel on the ſurface of the ſpeculum, in each of the three 

above - mention'd, yet we ſhould only hereby learn the proportion of the 
quantity, which would not by any means inform us of the proportional 
| | power of the fire, which changes bodies in the focus, to that fire which by 
| the ſun's direction fell upon the circular baſis of the concave, conſidered 
| as this alſo changes bodies therein, The reaſon is, that it ſhould firſt be 
The power of known, whether the particles of fire a& by their meer force, multiplied by 
| fre not from the number of ſuch parts; or whether the rule will hold, that upon dou- 
| Lan als bling the quantity of fire, its power of acting on other bodies will be 
| doubled; for tho* this be uſually taken for granted, there is great room 
to ſuſpe it: and though it be certain, that a greater quantity of fire in a 

leſs ſpace will always act with more force, it is doubtful whether its active 

power be only increaſed as the quantity is increaſed. My reaſons are, be- 

cauſe certain experiments. ſhew that "Ae bodies act not at all while at : 

. diſtance; but when brought to a certain degree of nearneſs, immediately exert 
| certain powers, and 9 9 certain new motions not before obſerved ; and 
| which become ſtill greater and greater, the nearer the bodies are brought to each 
| other: and again when removed to ſuch a diſtance from eachother, as that this re- 
| *ciprocal virtue is deſtroyed by the diſtance, all the motion immediately ceaſes 
| Of this we have an inſtance in loadſtones, which if one be at reſt in any 
given place, will remain ſo for ever; but if another be brought gradually 

near it, you will find a certain point of diſtance wherein it mar ons 

begins to move and agitate the former; and as you bring it ſtill nearer an 

nearer, both of them will move ſtill more evidently ; the cauſe that produces 

the motion being continually increaſed, as the nearneſs of the bodies increaſes 

the ratio or meaſure whereof .is hitherto unknown, though for ſome cogent 

reaſons the great Newton ſuſpects it to be nearly in the triplicate reciproal 

ratio of the diſtances. | 

182. To determine this more accurately, the learned M. Muſchenbroth, 

profeſſor in the univerſity of Utrecht, has taken laudable pains, not witi- 
out ſucces. Let us ſuppoſe ſeveral loadſtones of equal power ſuſpended in 
ſpherical ſurface, at ſuch diſtance from each other, that they almoſt begin 
to feel their mutual powers; and ſuppoſe thereby a very flow approach to- 
wards the centre of the ſphere, as they. gradually come nearer each oth; 
an extraordinary kind of motion will doubtleſs immediately ariſe in _ 
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though ever ſo many. But ay $4 them all remaining at reſt at a certain 
diſtance, and let one of them be then placed in the centre of ſuch ſphere ; 
from that moment a motion will doubtleſs ariſe in them all, not one of them 
remaining in its former ſituation; and as they again begin to approach nearer 
the centre, at every new diſtance another greater motion will be continually 
perceived, in regard that in every new place a new action will be produced 
between the attracting and repelling poles. The like might be ſhewn in air, 
and numerous other bodies : 


they remain ſeparate : ſo that the fire in ſuch focus may acquire a power of 
changing bodies, much greater than what ariſes from the bare quantity and 
number of the particles brought together. In effe&; the truth of this has 
been long found | from experiment : for if a thermometer be placed in a cold 


the focus of Villette's ſpeculum : what effects ſhall we then ex from it, if 


that there muſt be ſome new agitation produced in the particles by the near- 
neſs of their contact. And we have —_— ſhewn the proper virtue of 
fire to be that whereby it expands both itſelf, and all other bodies it acts 
upon: it is poſſible, that this virtue may be vaſtly increaſed by the collect- 
ing of its particles together ; and hence perhaps its power may in a moment 
be ſo confiderably augmented. 

183. Laſtly, it does not appear, whether the reflecting power in the parts 
of the ſpeculum be equally great about its axis, with regard to which the 
rays fall parallel, as about the extremer parts of the ſurface of the ſpeculum; 
and conſequently it may be doubted whether all the rays repelled from 
any point of the ſpeculum, and collected together in the area of the focus, 
be reflected thither with equal force; ſo as that the power of the collected 


rays correſpond to the number thereof, 


COROLLARY VIII. 


184. I have had many thoughts concerning the manner of bringing theſe 
| things to ſome kind of certainty ; and have at length diſcover'd, if any 
part of a ſpeculum be cover'd with a dark opake matter, yet the rays from 


nor any reflected; but as we may divide this circle into as many _ 
parts from the centre as we pleaſe, we may by means of a circle thus divided, 


n 2 we 
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or our preſent purpoſe the ſingle inſtance above 
may ſuffice, If then the like power, or perhaps a greater be found in 
the particles of fire, it will follow, that upon bringing them cloſe together 
their action will be vaſtly increaſed ; which is ſcarce perceived at all while 


winter's air at noon-day in a place illumin'd by the fun, it will only ſtand at 
20 degrees; yet at the ſame time ſtone will immediately melt and vitrify in 


a body be applied in the axis of a ſpeculum only g inches diſtant from the 
focus, where the heat obſerved is ſcarce 190 degrees; and it is manifeſt that 
ſuch a difference could not ariſe from the mere difference of denfity, but 


ok Z. 
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. 
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force of fire. 


all the other uncovered parts will ſtill meet in the ſame focus, without 
deviating therefrom z from whatever part of the ſpeculum they came, or 
whatever part of it were covered. If then we conceive the whole aperture - 
of the ſpeculum covered with a brazen circle, there will be no rays received, 


admit or ſeclude as many particles of the rays falling on the whole plain as 
N 
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we pleaſe ; conſequently in this manner we may know the certain propor- 


tion of the rays admitted in reſpect to the whole plain. Thus, for inſtance, 
we may admit half the rays, or a third part, or a thouſandth part, or any 
other which we chuſe to be collected in a focus; and we may alſo compare 
the fire thus collected in the focus, and hence infer whether the power 
of the fire 8 be as the number of the rays, or in any other pro. 
portion. In effect, by. this way we may divide the rays of light which fall 
on the whole aperture of Villeite's ſpeculum, in any given ratio in which x 
1 geometrically diviſible, and thus examine the power of all thoſe 


COROLLARY IX. 


By the cs 18 f. If by proper experiments it be found, that the part of the circle 
it produces. which admits rays, collects ſo much heat in the focus as is neceſſary to make 


water boil therein; and then ſuch 8 of the ſpeculum be laid open 
as produces a heat in the focus, which raiſes the mercury in the barometer 
to 424 degrees, we ſhall then have produced double the degree of heat, 
confider'd as. it diſcovers-it{elf by the dilatation of mercury; and after the 
ſame manner we may try what proportion the aperture of the ſpeculum in 
this heat, bears to that aperture of the ſpeculum which produced double 
the heat: by thus comparing the ſpaces of the apertures; and the effects or 
degrees of heat produced thereby, we may at length find what the number 
of rays, and what the uniting or collecting them together contributes to their 
force; which would be of great importance in the Fitory of fire, and would 
abundantly evince,, that the whole power of fire does not depend on the 
mere quantity of the rays, but on their cloſeneſs to each other. This the 
few experiments we have had opportunity of making with burning ſpe- 


culums clearly ſnew ʒ ſo that the utmoſt force of fire hitherto. known and 


produced in one ſimple manner, may now be ſufficiently conceived from the 
quantity of ſolar rays, tranſmitted by a circle of 3 feet 7 inches diameter in 
winter · time. If the ſame rays had continued on without any obſtacle to re- 
flect them, they would only have produced a ſmall degree of warmth in the 
air; and if they had ſtill proceeded ſtrait on to a thinner air, the heat thence 
ariſing would have gradually decreaſed, and at length perhaps a degree of 
cold 3 occaſion*d, beyond any hitherto obſerved. From all which it 
appears, what wrong notions people commonly have of the nature, and ac- 


tion of fire: it being clear, that the greateſt fire ever known to mankind, 
only differs from the greateſt cold, by the action of a reflecting body. From 
| whence we again infer, that fire is equably diffuſed through all bodies and 
ſpaces; but that it exerts no action where there is no body to receive and 
reflect it; And as the aperture of ſuch ſpeculums may be increaſed ad inf- 
nitum, it follows that there is no limit, beyond which the force of fire may 
not b& raiſed. 
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186. No fire has hitherto been diſcover'd greater than that in the focus The ble, 


of M. Villette's ſpeculum, which fu 


mentary action of fire hitherto obſerved, is to turn flint to glaſs ; which is 
done in the focus of Villette's ſpeculum: nor has any effect greater than this 
been ever known. For though lightning will inſtantly melt iron, it has 


never, I think, been known to vitrify either ſtones or metals. It may be 


added, that this effect of vitrification may be produced in a moment's time, 
in the coldeſt place, and the coldeſt bodies, without any affiſtance of the 
ſun, without light, and without fewel. Conſequently the utmoſt effect, even 
of the greateſt fire, may be had at any time, in the darkeft place, and the 
coldeſt bodies. For if in the ſevereſt winter's night, a piece of flint and 
well tempered ſteel be ſtruck againſt each other, they will yield live ſparks, 
which will diffuſe a vivid glittering light, and yield a hiſſing noiſe-as they fly 
through the air. And if theſe be caught on a piece of clean paper, they 
will be found to be glaſs- ſpherules, form'd of the flint or ſteel, or both, 


melted down, and vitrified, and in their rotation through the air turn'd of 
this figure. Yet. the converſion of ſtones and metals to glaſs is the utmoſt 


effect of the fierceſt fire. It appears then, that a momentary friction may 
act as powerfully as the largeſt burning-glaſles. 8 if a hu 
lu 


maſs of the beſt prepared ſteel were ſtruck againſt another vaſt lump _ he 
Thus 
much for the other manner of producing a large fire in the ſhorteſt time, 


ſe would ariſe? 


choiceſt flint, what an immenſe fire may we ſu 


diz. by the collecting of parallel and reflected rays into-a ſmall point. 


EXPERIMENT XVI. 


rpaſſes even what is produced by 


[4 
M. 9{chirnhauſe's burning-glaſſes, Hence, the ultimate effect of any mo- 1 


27 of fire 


attri- 


187, If the ſame fire, driven into a paralleliſm by the ſun, fall upon a The dioptrirad/ 
tranſparent well · poliſned glaſs, of a perfectly ſpherieal figure; it will be col: Ul 


into a focus, and burn very fiercely. | 
188. This has been obſerved long ago, but never with ſo much'accus 
raty as in the Duke of Orleans's bürningeglaſſes, in the king's garden at 


Paris; where divers experiments were made to diſcover the nature of fire: 


which will be thought neceſſary to be here hiſtorically related, both as they 


give a conſiderable inſight into the doctrine of fire, and as their effect was 


the greateſt that has been obſerved of the kind (u). | 

189. A ſpherical glaſs of this ſort, four feet in diameter, and convex on 
both tides,” being fed directly to the fun, in the ſunimer:ſeaſon, when 
the ait was clear; 47 purged of its water by preceding rains, between the 


rs of nine in the morning and three in the afternoon, made its focus 
about twelve feet” diſtant from the glaſs ; the focus being an inch and half 


in diameter: which was that uſed by M. Yebirubuuſe himſelf. 


%) See Huf. de Þ Acad. R. des Sciences, an. 1699. 90. 1700. 128. 1702. 34. 
a | 


— 


190. 
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| 190. All combuſtible bodies placed in this focus immediately burn; lead 


melts inſtantaneouſly ; and tiles vitrify, if long enough held in it. Prom 
a compariſon of this with what has been above delivered concerning the 


force of Villeti“'s burning ſpeculum, we may draw the following cory]. 


laries. 


COROLLARY I. 


3 „191. The diameter of Villett?'s ſpeculum was 43 inches; and conſe. 
- — tly its circumference 2. The diameter of M. Vebirnbauſe's ſpherical 
: glaſs was 48 inches; and conſequently its circumference ==. The quantity of 

rays, therefore, which fall within the compaſs of the glaſs, will be to the 

quantity of thoſe which fall on the ſpeculum, as 2304 to 1849 Fa the 


effect of the ſpeculum is much greater and quicker than that of the g 


COROLLARY II. 


al 192. Whence it alſo follows, that catoptrics, if duly improved, would 
the flrongeft. * ou the rays it receives and reflects more entire than dioptrics could 
; do, tho* improved to the higheſt point: a great number of rays appearing 
to be loſt in collecting them dioptrically. 1 | 


COROLLAR T II. 


And chſeſt. 193. The difference, however, is very great between the focus's of the 
two. The aperture of M. Villette's ſpeculum is ſquare inches; and 
its focus ſquare lines. The area of M. T/chirnhau/e's glaſs is ſquare 
inches ; and its focus = ſ lines. Conſequently, the focus of the ſpe- 
culum is to the focus of the glaſs as 1 to 9. From whence, again, it ap- 

how much the manner of producing fire by reflexion has the advan- 
tage of that by refraction. Conſequently the power of fire will be pro- 
moted much better by _ ſpecula, than by tranſparent glaſſes ; in regard 
a ſpherical glaſs of four feet diameter is the greateſt that the glaſs-man's art 
has yet been able to produce : whereas the making of ſpecula does not yet 
appear to have arrived at its utmoſt pitch; though it muſt be own'd our ex- 
pectations from this quarter are not very great. Who can forbear lamenting, 
that no prince ſhould be found to reward thoſe incomparable artiſts for what 
they had done, and hereby animate them to further attempts] Such is the 
unhappy fate of the fineſt arts ! 


EXPERIMEN T XVI. 


The greateſt 194. The noble Yebirnbauſe did not reſt ſatisfied with the ſucceſs of the 
diotrical fre. foregoing experiment, but applied himſelf to contract the extent of the for- 
mer focus into lefs compaſs ; that by thus collecting the rays till cloſer, their 
power of burning might be increaſed. To this end he made uſe of a leſſer 
glaſs, the ſegment of .a ſmaller ſphere, which being placed directly el 
to the former, received all its rays, as they went converging to the . 
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the former larger glaſs, and collected them into a circular ſpace, of about 
$ lines diameter. So that by this new collection they were reduced from 81 
ſquare lines to 16. Hence he gain'd indeed in the cloſeneſs of the rays; 
but by this new refraction loſt many of the rays again. On the whole how- 
ever, the power of burning was conſiderably greater than before. And here 
the endeavours of that excellent perſon topped. 

r95. Having now explain'd the capital methods hitherto diſcovered of 
producing fire by catoptrics and dioptrics,' it remains to rehearſe the extra- 
ordinary effects produced in bodies by means of theſe glaſſes; that the che- 
miſts may be convinced there is no need of any groſs fire to produee 
even much ter effects, than any of thoſe wrought in the furnaces of 
glaſs. men, aſſayers, or reſiners of metals. Nor will any perſon except a- 
gainſt my relating theſe after the Academy of Sciences; whoſe Memoirs are 
not in the hands of every body: And in treating profeſſedly on the ſubject 
of fire, it had been a fault to have omitted them. The principal are theſe: 
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196. (1) Moiſt branches of green trees, and woods ſoak'd in water, being De principal 
applied in the focus, immediately burn and conſume in flame, ſmoke, and 2 of theſe 


aſhes, | 

197. (2) A little veſſel of water placed in the focus immediately boils. 
We wiſh it had been tried by Fabrenbeit's mercurial thermometer, whether 
this boiling water were hotter than water is heated in the uſual manner 
when it heats in all caſes alike. | 

198. (3) Thin pieces of metal applied in the focus do not immediately 
melt, but growing gradually hot, at length, run. If they be too thick for 
the power of the focus to penetrate, they ſcarce melt thoroughly. | 

199. (4) Tiles burnt, or dried in the fun, alſo talc, and other bodies, 
grow red-hot in a moment, and ſoon after turn to glaſs. 

_ (5) Sulphur, pitch, androfin; being covered over with water, melt 
under it. 

201. (6) A piece of ſlender wood being put under water in the focus, in 
the ſummer- time, and kept there a while, appears to remain entire, when 
viewed on the outſide; but upon breaking the wood, is found, on the in- 
fide turn'd to coal and burnt. This ſeems to prove, that ſo intenſe a fire 
can only heat water to a certain degree; which being too weak to burn 
wood, hinders the fire directed under the water from burning the wood in 
that part contiguous to the water, | 

202, (7) If the matter intended to be changed, be expoſed. in a black 
receiver, the power of the focus is ſurprizingly increaſed. 

20g. (8) If metals, or other bodies examined by this fire, be laid on a 
coal made of green wood, and not thoroughly dried, they inſtantly melt, 
emit ſparks, and fly off. Lead and tin quickly melt, and not only ſume, 
but calcine, vitrify, and are loſt. 

204. (9) The aſhes of all vegetables preſently vitrify: | 

205. (10) If any entire large body be applied to the focus,. it frequently: 
porn unable to melt it; yet, when ground to powder, eaſily performs the. 
iquefaction; and when, after this preparation, it Kill refuſes to melt, it is 
eaſily made to fuſe by adding ſome ſalt. ny 
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206. (11) Black bodies, and ſuch as remain black in this fire, undergg 
- the greateſt change of all others. Bodies that are white when expoſed, and 
which afterwards turn white in the fire, change more flowly, and with 
greater difficulty ; and thoſe which being black at the time of their ex- 
poſing, and afterwards become white, are the moſt difficult of all to change; 
eſpecially if they turn white after fuſion.——Laſtly, ſuch bodies as remain 
perfectly white in this focus, undergo the leaſt change of all others; as lime, 
Þ chalk, and flint. 
| 207. (12) All metals, expoſed in an unglazed china - veſſel, vitrify ; pro- 
| vided the china be gradually heated, to prevent its breaking by too ſud- 
den a fire; and is likewiſe thick enough to prevent its fuſing. 
208. (13) If the matter to be tried by this fire, be expoſed in a large 
glaſs-veſſel, and the focus be carefully directed within the cavity of the 
Veſſel, ſo as to fall on the matter to be changed, but not on the glaß; 
ſeveral extraordinary phenomena will ariſe therein. 
+ 209, (14) Nitre being put in ſuch a veſſel, and expoſed after this man- 
43 owes wholly volatile in a moment's time, and turns to volatile ſpi. 
rit of nitre: an effect the more extraordinary, in regard nitre, melted by 
any other fire, ſcarce changes at all, but runs like water: and to tum 
it-to ſpirit by force of fire, there is always required a mixture of ſome ter- 
en or the addition of true oil of vitriol, or the calx wherein the 
dil of vitriol ſtill remains; whereas in the above experiment the buſineſs is 
done without any addition at all, 
210, (15) The utmoſt light of the full moon collected by this glaſs, yields 
a moſt lucid focus, but no heat at all. 
211. (16) It moves and agitates almoſt all bodies, even in vacus itſelf, 
tho* often not without great danger. 
212. From all which, and many other experiments, it appears that this 
focus made by M. T/chirnhauſe, is weaker than that of M. Yillette's, and yet 
| fitter for examining the nature of fire by its effects. 


COROLLARY 1. 


deere 213. If the water, or ſhivers of ice in the atmoſphere, be þy any phy- 

(| ' freint® ſſccal cauſes gather'd into vaſt globes of clouds, ſo as to form tranſparent 

; bodies of a ſpherical figure, tho* they ſhould only continue ſo the ſmall 

eſt ſpace of time, yet being illumin'd by the ſun at a ſemidiameter's diſtance 

from the hind part, they may in an inftant produce a focus much more 

violent than that of T/chirnhauſe's glaſs, rarify. the air in that place to 3 

- prodigious degree, and thus yield very ſudden and extraordinary phæno- 

| mena, If we reflect on the great clearneſs and purity of water raiſed into 
the atmoſphere, and at the ſame time conſider what a large quantity he 

is frequently poured down in rain in a ſhort-time, it will not be difficult to 

imagine, from the principles of dioptrics, what the effect muſt be of a huge 

ſphere thus amaſſed. - And if we further conſider, that the rays in — 

on ſuch a ſphere, and paſſing through the ſame, muſt produce an intenie 

light and fire in the axis of the ſun and ſphere, behind the ſphere * 


_ 
. 


Dc aa oo mo T =» 4 FP 


The Theory of CurMisTRy. 281 


and that on the fide illumin'd by the ſun, there will no light, but a denſe 
blackneſs appear, we ſhall be apt to conclude, that ſomething of the like 
kind may be the caſe, when we du che heavens full of black clouds, which 
reſently after burſt into thunder and lightning. Another effect of this 
pherical form of clouds is, that the ſpaces intercepted between them differ 
exceedingly in their degree of light, or heat, from the ſpheres themſelves z 
from whence again there muſt every moment ariſe ſtrange varieties between 
the air, rarified and heated in one place, and condenſed and cooled in an- 
other : which may be varying every moment. Tis enough to have men- 
tioned theſe matters, which if carefully applied to meteors, will enable ug 
to account readily for their appearances. 


COROLLARY u. 


214. Be pleaſed now to recolle& what I before intimated, viz. that u, 3, coll- 
the mere attrition of flint againſt ſteel will make a greater and quicker fn quicker 
change in bodies, and vitrify metals more readily than the greateſt doubled 14 /fronger 
focus of a burning-glaſs. This is apparent, in regard that Yilletres ſpeculum cel a * 
is much more powerful than T/cþi7nbau/es glaſs; and yet the colliſion of 

iron turns that metal into glaſs ſooner than is — the focus of that ſpe- 

culum: whence we have a new indication of the vaſt power of elaſtic ſolid 

bodies ſtruck againſt each other. 


COROLLARY III. 


215. Hence we gather, that there is no need of any action of the ſun . /an me 
hitherto known, in order to produce the greateſt and moſt efficacious fire require ropro- 
= hitherto diſcovered ; nor is there need of any inflammable matter or fewel pr fon. 

to melt a metal, of all others the moſt difficult to fuſe, in a moment's time, - 
and this even in the coldeſt weather and place, without any melting fur- 
= nace, or even without any veſſel to contain the matter: all which 
rec confirmed by the common way of producing fire. 


COROLLARY IV. 


216, ] have been in ſuſpenſe ſome time, whether or no I might ven- N. fun may 
ture to publiſh an opinion, which has frequently employ'd my thoughts; emit no fire. 
r have determined to do it. It is probable, that in the ac- 
don of fire obſerved among us, the ſun does not emit any fiery matter, to 
which ſuch action ſhould be attributed; but that this luminary only has a 
power of directing the fire already exiſting in any place, into parallel right 
| lines, from whence the ſame quantity of fire being again collected out of 
is paralleliſm by reflection or refraQion, and unſted till cloſer, acquires 
de powers, and thus is enabled to produce all its effects. To illuſtrate. 
this by an eaſy experiment; ſuppoſe a hollow braſs cube, Jer, of three 
nches ſquare, and cloſed every way, except that one ſide being taken off, 

«5 left open there; and ſuppoſe this cube directly oppoſed by its open 
ide to the ſun, only cover'd with a white paper; in the cavity of it 
phy M. Fabrenbeit's tender thermometer, which conſiſts of a movable ſpi- 

b Oo rit ; 
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rit; while the paper prevents the ſun's rays from penetrating the cavity of 
the cub», and it the wea her be cold, we ſhall find an intenſe cold in the 
whole vacant ſpace of the cube ; take away the paper at once, and 
the moment that the cavity of the cube is illuminated by the ſun, there 
immediately ariſes a confiderable heat, which the thermometer indicates, 
Philoſophers uſually maintain, that the heat here admitted was ſent from 

| the ſun's body, with a velocity ſcarce to be conceived 3 to me it n. 
ther appears, that the ſun has only done now what it did before, and which 

| it always does, viz. determine what we call fire into right lines, which ca 
| now reach the opake body without any obſtacle, and thus drives the fire, 
| which before, while the paper interpoſed, was equably diffuſed through the 
| fix containing ſquares ; drives it, we ſay, without altering its quantity, in 
right lines againſt one . ſide oppoſite to the open one, and thus heats the 
= whole cavity, but efpecially ſuch fide ; by merely directing the rays, and not 
by any increaſe of their number. Or ſuppoſe M. Villette's ſpeculum to be di. 

| rectly oppoſed to the noon-day's ſun, but covered over with a white vel, 
[ | we ſhall have no more fire or heat produced in its cavity behind the vei, 
| than at any where elſe; but at the inſtant you remove the veil, the fire, 
which before remain'd indetermined in the cavity of the ſpeculum, is driven 
in parallel lines againſt the concave reflecting ſurface of the ſpeculum ; by 
which means that vehement fire is produced in its focus, and not, as uſually 
imagined, projected from the ſun : in effect, tis neither more nor leſs nov 
than before; but only in a different direction: the fame will hold in a refrac- 
ting burning-glaſs; and thus neither the fire produced by collifion, nor by 
a ning ſpeculum, nor a glaſs lens, appears to. owe any thing of its matter 
to the Jun, 


COROLLARY V. 


The by! 217. From what has been obſerved, it appears, that the 2 fire which 
means of pro- human art and induſtry is able to raiſe, is that where the focus's of Ville“ 
ducing themeft ſpeculum and T/chirnhauſe's glaſs ſhould meet directly in the ſame point: 
ITO. Gs as the focus of the ſpeculum in the open air riſes to 3 foot and an half di. 
ſtance from it in the axis of the ſpeculum, we may, without hindering the 
action of the ſun on the ſpeculum, apply the burning-glaſs before it in tic 
ſame axis of the ſun and ſpeculum, and in ſuch diſpoſitions, as that the for 
of the glaſs exactly fall on the riſing focus of the ſpeculum: in the point 
concourſe, therefore, between the two, we muſt have the fierceſt fire, that 
any human means hitherto diſcover'd are able to produce. It muſt be own 
the action of ſuch fire cannot be ſo 3 determined upon oby 
except in the very moment when they are applied in this focus; ſince t 
inſtant they melt, they will drop out of it. To conclude, if it be not con 
trary to nature to ſuppoſe ſpherical hollow icy clouds accommodated to each 
other in the air, 2 the manner above ſpecified, what effects may not be 


produced thereby ? 
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ſoeculum, remain in the ſame right line, and their ſituations at the fame furl. 
iſtance; conſequently, if the paths of the ſun, the glaſs, and ſpeculum, 

de continually kept in the ſame ſituation, this immenſe fire may be kept up, 

in a clear day in the ſummer- time, from nine in the morning to three in the 
aſternoon; yet without requiring any thing like fewel to 10 it during the 
whole period: this gives us a very different idea of the higheſt degree of 

fire, from what has hitherto been conceived, It appears, in effect, that, 

by the laws above deſcribed, we may in any place of the univerſe produce a 

fire of any aſſignable Re of force and magnitude; and this durably and 
equably without the help of any fewel, E 


COROLLARY. YL 


force, and thus immediately acts with the whole violence wherewith it will T. 

ever act hereafter, Another thing conſiderable is, that at the inſtant when 

this fire is exerting its utmoſt power, if the glaſs be but covered, the whole 

ceaſes at once, without the ſmalleſt ſenſible remains of it. But that light, 

heat, rarifaction, and all its other effects ſhould periſh ſo entirely, in ſo 

ſhort a time, without leaving any thing in the place where they all obtain d 

in ſo high a degree, muft be hard to conceive, Yet the fire of the focus 

here deſcribed does not ſhew itſelf by any brightneſs, except juſt in the focus 

of the ſun and ſpeculum, nor yields any viſible light on the fides thereof; 

conſequently we have no indication of its preſence by light, except the eye 

be placed in the axis, where the . ſplendor would inſtantly deſtroy 

all ſenſe of ſeeing. | | 
e DO 


COROLLARY VII. 


evo all parts; and as fire is every where the ſame, this power will alſo 


every where the ſame : but when, on any account, this equality or bal 
— of power is deſtroyed, ſtupendous effects muſt neceſſarily ariſe; and * 
ence ſometimes a wrong conceived. opinion, that fire is then produced anew, 


or that its power is ſome way increaſed. 
er 8 
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218, Suppoſe then the higheſt degree of fire preſent in ſuch place; this 4 grear 


| muſt doubtleſs remain as long as the axes of the ſun, the burning-glaſs, and uot 14a 


219. The chief thing ſurpriſing in this fire is, that at the moment where- Ain fre- 
in its cauſe is produced by a due apparatus, it is found preſent in all its 3 ix in- 


220. From a conſideration hereof we diſcover that other wonderful pro- once a ner 
perty of fire, whereby, when alone, it is found to have a phyſical power of notion of che 
expanding itſelf equally from the centre of its maſs, in a kind of radu, to- aur of fire. 


\ 
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EXPERIMENT XVIII. 


That fit may 221. True fire may be united with all ſolid bodies hitherto tried; and 

be united mJ When once united therewith, adheres to them a conſiderable time, nor is 

8 — gg plain periſh or diſappear in them inſtantaneouſly, as in the focus's above 

| 222. Thus, if we try any of the ordinary bodies by committing then 

| to any pure- ſtrong fire, they will be heated thereby. to ſuch a degree as to 

| ſhine and melt: this appears from the experiments of Jcbirnbauſe, Hun- 

| | berg, and Hariſoeter; nay, and thoſe of all ſmiths, cooks, and other per- 

| ſons who uſe fire, and even from the whole earth itſelf, when illumin' : 

| the ſun: in all which caſes the ſame event of the experiment has uni- 

| | - formly been found; e. gy. in all fixed earths, ftones, gems; glaſs, fixed h 

1 ſalts, woods, minerals, and metals. To the ſame is that obſern- 

8 tion of the great Newton, that water itſelf, if ever it could be converted 

| '- - Hato» earth, might be ſo impregnated with fire as to ſhine 3 nor does there 

I ſeem any thing more remarkable in this affair, than that there muſt be 

| ſome other cauſe, befide fire, to connect fire, ſo long a time to theſe bodies; be. 

| cauſe the fire in the focus of Villette's ſpeculum, how vehement ſoever, imme- 

diately periſhes as the illumination ceaſes; and all thoſe fires, before ſo cloſely 

united, ſeparate and fly aſunder. But if a ball of iron, a great circle of which 

is equal to that of the focus of the ſpeculum, be held in it till thoroughly 

heated, the fire thus united to the. ball will continue in it a conſiderable time, 

and exhibit all the marks of its being preſent ;- ſo that the fire which had been 

the focus and would immediately have flown off, being thus received with- 

in the body, is retained there a long time, and hinder'd from being diff 

ted and extinguiſhed. Tis hard to ſay what ſhould be the c4uſe hereof: 

* anſwer that it is body; it may be aſked again, in what manner thi 

ſhould retain fire; and whether in the place where the focus ws before, 

- there. was nothing but fire alone, without any other body, eve the air it 

| ſelf being expelled by the fire? Whether the reaſon of its vaniſhing ſo it 

| ſtantaneouſſy. is, that there was no body. to retain it; whether the col 

| lected particles of fire, unleſs retained by ſome denſe body, immediately re- 

turn to their native equilibrium; and laſtly, whether therefore there be 19 

mutual attraction between the particles of the fire themſelves, and whethe, 
on the.contrary, thoſe particles do not mutually fly each other? 


EXPERIMENT XIX. 

E „223. This pure elementary fire, while thus united to bodies, is found 
E 
4 2 224. For the principal characteriſtie of the preſence of fire is diſcover! 


a 


upon examining jt by.a thermometer ; ſinceyas we have already obſerved, i 
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thermometer be held at a certain diſtance from a piece of red-hot iron, for 
inſtance, the liquor in the tube immediately rarifies, and this continually, 
the nearer we approach it to the iron itſelf, and the leſs, the further it is with- 
drawn from itz nor does it matter on what fide the thermometer be applied, 
provided the diſtance be the ſame : the fire therefore now reſiding in the 
iron, in as much as it acts on the thermometer, is the ſame true fire as be- 
fore; and continues ſtill in the ſame place, without any friction or paralle- 
liſm, exhibiting all the effects of elementary fire, If we approach a ful- 


phurous body to the ſame iron thus ignited, we ſhall find that as it comes 


nearer and nearer, it will begin to ſmoak, melt, ſparkle, glitter, and catch 


225, The following experiment alſo deſerves particular notice: having a 
uantity of the pureſt alcohol in a phial, and pouring flowly and ky 
he minuteſt drop thereof on ignited iron, one would naturally expect 


that it ſhould inſtantly be kindled ; whereas, on the contrary, it no ſooner falls 
upon the concave ſurface of the iron, than it gathers into a tran nt globule 
like quickfilver, and runs like the fame over the metal, without any ſign 
of flame; and after in its progreſs it has arrived at a colder part of the won, . 
preſently flies off in fume, without raiſing any fire. This appears ſtrange, 


fince ſulphur, gunpowder, wood, and other bodies preſently kindle, when 


laid on the fame iron; while alcohol, which when gently heated kigfles the 
quickeſt of almoſt all bodies, will endure this fire without kindling at all: 


a problem worthy ſome pains to ſolve. 


EXPERIMENT XX. 


285 


226, It being found, then, that fire may be thus detain'd for { long Mirbout in- 


a time, and to fo great a degree in a ſolid body, it remains to enquire what aft 


the nature and conditions are of the thing which thus adheres and as a- . 


mong the common properties found in bodies, weight is a principal one, I 


have endeavoured to learn whether this fire adds any ſenfible weight to the 


fixed bodies it is in; and to this purpoſe made choice of ſuch à body as 
would ſcarce loſe any weight by a large fire, and which at the ſame time 
would admit and ſuſtain a great fire for a long time; withal making uſe of a 


paral 


ſhaking off the duſt, in the ballance as before; putting the 


ing it again, that it retain'd . ely its weight, without either loſs or gain 
in the whole courſe. The ſame 1 


nice 1 of ſcales, which would turn eaſily on their axis. Weighing then a 

elipiped of pure iron herein, I found it to weigh five Atferdam- 
pounds and eight ounces, while in its cold ſtate ; then expoſing it in a large 
fire made of pit-coal, and further excited by blowing with a pair of bellows, . 
till the iron was heated perfectly red on all fides, I then * it, aſten 
in the other ſcale, and ſtill found it a juſt counterballance thereto.z weigh-* 
ing exactly five pounds eight ounces as before: and leaving it in the ſcales? 
till perfectly cold, for the ſpace of twenty - four hours, I found upon weighu⸗- 
have alſo found in a large ſolid body of 
copper; which being tried with all the conditions above ſpecified; gs os 
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proved the ſame. They who make theſe experiments will be apt at firſt fight 
to imagine they find the ignited body lighter than the cold one; the cauſe 
of which, on further examination, will be found owing to this, that the 
ſtrings of the ballance, whereby the ſcales are faſten'd to the beam, are la- 
ble to be moiſt, and to dry again by the heat of the metal, which, when 

put into the ſcale to be weighed, raiſes ſome of the watery part into vapour, 
and makes that ſcale lighter of courſe ; to prevent this, it may be expedient 
to make uſe of metalline chains inſtead of ſtrings. 


GOGOL I. 


That freis 227. Fire, therefore, thus adhering to an ignited body, expands itſelf all 
looſe and free, around after the manner of an atmoſphere ; ſince from every point there- 
— _ of we find its virtue diffuſed to a conſiderable diſtance, ſo as to produce 
ſpace, all the effects belonging to fire; and in this law, that the nearer to the 

ignited body, the greater is the power ſtill perceived: ſo that a globe be- 


ing thus ignited, will form a heated ſphere ll around it, whoſe centre is 
the hotteſt.of all. | 
5 c OROLLAR v II. 


But ſtronget 228. Hence we learn, that a t quantity of true fire is preſent in the 
3" the centre body thus heated, and remains long in the ſame, For conſidering, that 


i. e in theſe pieces of iron and copper, a great heat is produced to a conſide- 


rable diſtance on all fides, which indicates fire to be preſent by theſe its di- 
ſtinguiſhing effects; and refle&ing alſo, that during the whole time where- 
in this heat continues, the ambient cold of the air is every moment dimi- 
* _ niſhing ſomething of this heat; it will readily follow, that the quantity of 
fire in thoſe bodies, when firſt ignited, muſt have been very great; and 
conſequently, that in the whole maſs thus heated, the quantity of fire 1s 
reateſt in the body itſelf ; greater we mean than in the adjacent air heated 
it: and again, that if the body be long enough detain'd in the fire to be 
ignited, and penetrated by it through its whole ſubſtance, the heat will be 
2 and denſeſt in the centre of the body ; which agrees with all ob- 
er vation. ' * 
8 O ROLLART III. 
2 SS. From this centre towards the ſurface the fire is continually weaken- 
a: it recedes ing, by reaſon the extreme ſurface is contiguous to the air, and thus receiv- 
bergan. ing the cold hereof, is firſt brought to a ſtate of coldneſs: the ſame alſo holds 
An the aerial atmoſphere around it; thoſe orbs whereof neareſt the heated 
Hall, will be hotteſt, and the exterior and remoter colder and colder, to the 
"* utmoſt which is the limit of heat; beyond which the air is of the natural 
5 of coldneſs. From hence again we learn, that in the whole heated 
ball the centre expands itſelf moſt towards all ſides, which is the nature 
Fre, as found greateſt in the centre; but the next orb, being leſs expanded 
than the centre, will bound the expanſion, and in ſome meaſure reflect and 


esp it again ſome what leſs hot, that is leſs expanded, and a little — 
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eontracted; and as this expanſion and repulſion obtains among all the orbs 

which conſtitute the hot atmoſphere, it appears, that during the whole time, Conflant ofcit- 
wherein the fire produced in that ſphere continues beyond what is found in 2 +70 
the air not heated by this fire, there is a perpetual vibration and repercuſ- , 

fon through the whole ball, in the body of it as well as in the ambient air; 

and that this vibration is conſiderably great and durable in proportion to the 

violence of the fire. Does not this vibration and repercuſſion produce a 

friction? Or does that friction produce fire, as in the manner of genera- 

ting fire above explain'd ? 


"COROLLARY IV. 


230, It were to be wiſhed, that the un. rtional quantity of fire con- De quantity 
tained in ſuch a body could be determined; but this is not ſo eaſy as at firſt % dard 
fight may ſeem, by reaſon, though from the diſcovered effects of fire we may . 
1 its power, we cannot eſtimate its quantity; as the augmentation of 

the power of fire, ariſing from the nearneſs of i's particles, is hitherto undeter- 
mined, For, ſo long as the proportion of the power of fire — on its 
denſity or cloſeneſs, to- that depending on the quantity thereof, is unknown, 

ſo long we ſhall be unable to argue from the effect of fire to the quan- 

tity thereof, The greateſt caution can never hurt, eſpecially in phyſical 
matters. 


' 


COROLLARY V. 


231, Yet fire, while it thus remains in a heated body, does not ſeem. to Fire der mr 
unite with it into one corporeal concrete maſs; fince, though greater than concrete with 
before, it is not found heavier z unleſs we ſuppoſe that fire 2 rowing to #9 
a body may add to its bulk, without — its weight. All we know 


is, that the extenſion of the heated maſs remains greater, ſo long as the fire 
remains in it. 


COROLLARY VI | 
232, Neither does fire diminiſh any thing of the weight which the nw mate it 
body would have at that time, and to which cold ſhould reſtore it; nothing Alter. 
of this kind appears from any experiment yet made. 


COROLLARY VII. 


233. Hence we are inclined to conceive this fire, e. gr. that diffuſed But is in. 
around a ball of red-hot iron, as a fluid, which exiſts every where both a- ent as ts 
t and in the ball, and whoſe parts are all moved freely and indiffe- _— 
rently therein; fince if there were any determination in them to one part 
more than another, it ſeem#a neceſſary conſequence, that the. body would 

be heavier, or lighter, when heated, than before. 
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ACOROLLARY VII. 
The cafe of 234. Some cauſe there muſt alſo be which makes the fire continue ſo 
ele detention long in the heated body, and hinders it from flying away as ſoon as pro- 
of fire in le. Juced in it; ſince in the focus's of M. Villette's and Tſchirubauſe's inftruments 
* there are as ſtrong, or even ſtronger fire than in our ball of iron; and yet 
that immediately and totally ceaſes, unleſs continually reproduced in the ſime 
place: fo that fire cannot preſerve itſelf in a place it has poſſeſſed, but needs 
different from it to retain it therein. 

| COROLLARY IK. 

I the bulk of 235. Whatever we can think of for this purpoſe, we find nothing to anſwer 


ile bach, it except body itſelf, conſidered as diſtinguiſhed from ſpace, that is, as it 


; reſiſts and is impenetrable ; and conſequently is corporeal bulk. For we 
find, that if fire be imparted to bodies of different denſities, they indeed te- 
ceive the ſame degree of heat, but then they preſerve this degree ſo much 
the longer, as they are denſer, more — or have more corporeal 
ſubſtance : thus if ſeveral bodies of different weights be heated equally in 
r: water, the heavieſt will ſtill remain hot the longeſt, and the lighteſt 
cool the ſooneſt; and the rule holds almoſt univerſally, ſo far as experiment 
have hitherto been made. The vacuum in a Torricellian tube loſes its heat 
the inſtant after it is generated : air heated in a pot quickly loſes its heat ; 
alcohol more ſlowly z water flower than alcohol; and quickfilver lateſt of 
all: fo among ſolid bodies, wood, ſtone, and metals, if equally heated, re- 
; tain their acquired heat the longer, in proportion as they are denſer, 

And quantity 236. A greater d of fire alſo vaniſhes later in bodies than a ſmaller ; 
ef fre. ſo that this alſo holds almoſt as an univerſal rule, that the greater heat a 
: body has, or the more it is expanded by fire, till it arrive at the qy of 

fuſion, the longer it retains the heat it has acquired. Thus if two bodi 
in all other reſpects the ſame, be heated in different s, and the hotter 
have loſt the degree of heat whereby it exceeded the leſs hot; the former 
Will ſtill remain as hot as the latter was at the firſt moment, and conſe- 
quently will ſtill require the whole time of cooling of the other to reduce it 


- to the ſame temperature. It ſhould: indeed be examin*d, whether there be 


not ſome other cauſe to preſerve fire when once produced, beſide weight and 
the degree of heat: for if water and oil be equally heated, and the oil be 
lighter than water, moſt philoſophers would expect that the oil, on account 
of its tenacity, would cool the ſloweſt of the two; or that fire would con- 
tinue longeſt in the oil. But upon taking two equal veſſels, and filling one 
with water, and the other with oil of olives, and putting both in a larger 
veſſel wherein I made water boil; and keeping both the other liquors there- 
in, till I was ſure they had each acquired the degree of heat of boiling water, 
I took them out, and ſet them in the open air, to ſee in what time they 
would both return to the ſame degree of coldneſs ; the reſult was, that the) 


did it in proportion to their weights. % 
277. 
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237, Yet there appears ſome hidden cauſe, why fire, how great ſoever, Fbich mand. 
can only give bodies a certain degree of heat; as we find in water, alcohol, 877 #” 
oil, and quickfilver, when brought to the degree of boiling 3 yet as all do 4% Ta. 
not boil equally ſoon, the lighter fluids may frequently admit a greater de- 

of heat and fire than the heavier, provided the former be not ſo eaſily 
Fought to a ſtate of bailing. Water is heavier than. linſeed oil, and when 
it boils is found to have 213 es of heat, beyond which the utmoſt 
fire cannot raiſe. it; yet oil, though lighter, requires a greater or longer fire 
to make it boil, and when brought to this is found of almoſt 600. degrees 
of heat, The cauſe of which ſeems difficult to aſſign; ſince quickſilver, tho? 
fifteen times heavier than the ſame oil, only acquires the - degree of 
heat when arrived at ebullition: hence we find that there is ſomething beſides 
corporea] bulk, which diſpoſes certain bodies.to admit a much greater degree 
of fire than others. | | TY 
238. Hence it appears, why even hot-water-extinguiſhes a fire compoſed of a „ ater 
combuſtible matter z ſince it occaſions the fewel to be ſurrounded with a leſs ehe fre. 
degree of fire-than-is neceſſary to its kindling z fewel never catching fire or 
| burning with 213 degrees of heat. 

239. Hence alſo a large fire will not melt a tin · veſſel when full of water; by ater 
ſince, in order to the fuſion of that metal, a much greater degree of heat is ne- Levi -= 
ceſſary, than water will admit of Z but if the ſame tin-veſlel be filled with oil,“ "OE 
and placed over the fire, it will ſoon melt, even before the liquor in it can boil, 

The ſame holds of lead with water in it under the ſame circumſtance: from 
all which we may gather, that when fire has ſo diſpoſed a body, as that it 
can act equably, and paſs freely through the pores thereof, no more fire 
can be united to it; and this is found in fluids, at the time hen they begin 
to boil; and an; ſolids, at the time when in perfect fuſion, ſo as 3 
like a glittering boiling liquid z as we have found in metals, glaſs, ſalts, 
and all other -bodies wherein the experiment has been tried. TW 

240. From this fertile head of obſervations we alſo learn, that fire has £4 A nas 
ſome connection with bodies; ſince the greater it is, the longer it adheres 3 7977, 7 
and the denſer the body, the longer it remains therein; that it adheres. more - 
largely to ſome. bodies, eſpecially oily ones, than others; that theſe heat 
more ſlowly, but imbibe a greater degree than others; that by how much bo- 
dies are heavier, the longer time they need to be equally heated with thoſe that 
are rarer, by the ſame fire; laſtly, that they require ſo much longer time 
to reduce them to the ſame temperature with rarer bodies, which cool quicker. 

All which things conſidered, we ſhall find many laws of nature ſettled with 

regard to fire, which will be of great uſe in phyſics. In effect, if this doc · | 
trine were carried to its height, we might be able by experiments to LHolve ; 
the following problems. To fill a given ſpace with ſuch a body as Will con- 

eerve any given degree of beat by the greateſt fre: and again, to fill @ given 
Hace with ſuch a body. as the greateſt poſſible fire. may be retained in il. he- 0 
ther iron, which melts more lowly than gold, be not, when melted, hot- 

ter, though lighter, than melted gold, may be worth enquiring. . 
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COROLELEARY X. 


Heat quickly 241. Hence alſo, another law of nature ſeems to offer itſelf, viz, that 
ceaſes upen aß. bodies which contain fire more copiouſly than the ambient fluids, or other 
2 . neighbouring bodies, loſe it again ſo much the ſooner, as the fluid into which 
they are immerged to cool is the denſer, Thus ſuppoſe air, water, and 
quickſilver, in veſſels exactly of the fame temperature, ſuppoſe alſo three 
equal pieces of perfectly ignited-iron, and let one of theſę be left in air of 
known temperature, a ſecond in water of the ſame degree of coldneſs with 
the air at that time, and the third in quickſilver of the ſame temperature 
with the air and water; the piece in the air will retain its heat a long time, 
that in water will loſe it ſooner, and that in the mercury ſooneſt of all: in 
reality, it appears, that the iron in water cools fo much the flower, as water 
is denſer than air, that is about 800 times; and that in the quick ſilyet 
about 14 times ſooner than the other in water. The workers in metals ar: 
well apprized of this, who to ſoften their metals, for certain purpoſes, ignite 
them thoroughly, and thus leave them in the ſummer-time, and in ſultry 
weather, in the fire itſelf, till this gradually ſpending, finks into cold aſhes, 
and thus they are left to cool together: but when they require metals harder, 
for other purpoſes, they dip them ſuddenly in the coldeſt water in winter- 
time. We have therefore diſcovered two cauſes which - accelerate the re- 
' Three cauſe; frigeration of bodies, viz. the coldneſs and denſity of the- fluids wherein 
of evoling. they are immerged while hot. A third cauſe, which conduces to the fame 
effect, is the agttating of the hot body throughout the fluid, which makes 
it cool ſtill quicker; as by ſuch means the body to be refrigerated is con- 
* tinually applied to a freſh quantity of the cold fluid. Hence, by the way, 
may be obſerved the phyſical cauſe of hardening iron; that metal, bei 
ignited almoſt to fuſion, is ſuddenly drawn through the coldeſt water, ſo 
4 as to be perfectly cooPd in a moment's time; by which means its parti- 
cles, which had before been looſen'd and ſoften'd by the fire, become nov 
intimately conſtringed and bound together; the effect whereof is, that they 
remain extremely cloſe and hard, but at the ſame time brittle. 
H COROLLARY XI. 
Why denſe b. 242. As to the reaſon why a denſer fluid. cools a hot body immerged in 
2 it ſo ſoon, it may be obſerved, that before the hot body was applied to the 
fangt. fluid, things remain'd equally cold, and conſequently this effect could not 
ariſe from the diverſity of cold, which cools one hot body immerged in i 
ſooner than another; and may be ſuſpected owing to this, that a denſer 
2 * cold fluid draws more fire out of the hot body, in proportion to 
its denſity. | 
The a of 243. To determine which point 1 made the following experiment: Tal- 
mixing bo! ing two equal quantities of the ſame fluid, viz. vinegar, alcohol, wit" 
quors together, and oil, and reducing theſe to different degrees of heat, and then nt 
x mately mixing them together, they came to the ſame degree of heat, which 
was half the exceſs of the hotter quantity above the cooler. 1 9 


De Theory of CunMisTRyY, 
mixing a pound of boiling water, which had 212 depen of heat, with a 
eat, 


pound of cold water, which had only 32 degrees of the mixture will 
have 90, viz. half of 180, which expreſſes the difference between 212 and 
32 : from whence it appears, that the diſtribution of fire is here as the bulk; 
conſequently that fire, by a cloſe contact between the ſmalleſt particles of 
bodies of the ſame kind, immediately diffuſes itſelf equally, and leaving its 
former body, lays hold of a new one: in which experiment there appears 
ſomething very ſubtile, viz. that the common degree of heat is loſt, and 
the exceſs diſtributed equally between the two maſſes. If we take quick- 
ſilver and water in the ſame preciſe quantities, but of different degrees of heat, 
and thus mix them together, a temperature will here likewiſe riſe from the 
mixture, but with ſome conſiderable difference from the former. 
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244. For if the water were hotter than the mercury, when equal bulks 4 2b: di fe- 
thereof were mixed, the degree of heat ariſing from the mixture, was al- we. 


ways more than the half which was expected. On the contrary, if the 
quickſilver were hotter than the water, and equal bulks of each were inter- 
mixed, the temperature produced by them was always leſs hot than the half 
of the differences. And this diverſity was always found, as if in the former 
caſe three parts of hot water had been mixed with two parts of cold; or in 
the latter caſe, as if three parts of cold water had been mixed with two of 
hot: but when tliree equal bulks of mercury are taken, and two ſuch bulks of 
water, it matters not whether you heat the mercury, or the water ; fince 
after mixtion the temperature will correſpond to half the difference of the 
heat in each; as before in water, where equal portions were mixed, 


245. In this experiment it may be obſerved that we diſcover a new law of Fire redes in 


nature, viz, that fire is diſtributed in bodies in = 
extenſion, and not of their denſity : for though the weight of quickſilver, 
with reſpe& to water, be almoſt as 20 to 1, yet the power which produces 
heat proved the ſame in both, as if water alone has been mixed with an 
equal quantity of water. The fame is confirmed from a multitude of other 
experiments, as we have intimated above, in making mention that all kinds 
of bodies, when committed a conſiderable time to the fame common degree 
of warmth, never ſhewed any diverſity in reſpect of heat, other than in 
Proportion to the ſpace they poſſeſs ; ſo that nothing had been found in 
ies which attracts fire; though the denſer bodies are, the longer they 
detain the heat they have once conceived. The experiments here referred 
to were made for me by the celebrated Fabrenbeit. What then ſhall we 
ſay is the cauſe why fire paſſes ſo much ſooner out of its own body into 
mother groſſer, than into a lighter body, or even an empty ſpace, into 
v hich it might penetrate with ſo much more ſeeming facility? 


COROLLARY XII. 


bulk. 


rtion to their bulk, or bodies in pro- 
portion to their 


Wo Again, it ſeems to follow, that the greater a body is, the longer it Large bodies . 
1 retain the heat it has once conceived, other circumſtances being ſup- 2 beat 


| Poſed equal; by reaſon the denſity of the extremity hinders the quick egre!s 
e fire, which was 9 to depart aut of the intimate parts there- 
p 2 of, 


of th 
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of. Thus the orb neareſt this confines another, and that a fourth, and 
thus to the end; ſo that a body thoroughly heated through its whole ſub. 
ſtance, always cools the lateſt towards its central parts: hence, as the mag. 

nitude of a body is ſtill capable of further augmentation, it ſeems poſſi]; 
to have one ſo large, as that the heat once communicated to it, may per. 
fiſt during the longeſt, period, 85 


COROLLARY XIII. 


pry A why 247. It is demonſtrated by geometricians, that bodies, ceteris parilus, 
moſt retentive have always the leſs external ſurface, by how much they are greater; from 
of beat, whence, again, it appears that large bodies retain the heat which they haye 
once conceived the longeſt; — ntly, that the more corporeal maſs 2 
body has under a lecker farface, the longer will it preſerve its fire, compared 
to others. , a | 
Whence the 248. Again the ſame mathematicians ſhew, that a corporeal maſs, while 
2. the ſame in quantity, can never be reduced under a leſs ſurface, than 
77 71.4. When form'd into a ſphere; which figure therefore appears the moſt reten- 
tive of heat, both on account of the ſmallneſs of the ſurface, and of the 
equable accommodation of parts to the very centre, as well as their equable 
receſs from the ſurface. - And this perhaps is one reaſon. of the ſpherical 
figure of the fun and fixed ſtars. | 


COROLLARY XIV. 

Badies di. 249. But when a body, in other reſpects remaining the ſame, is reduced 

ar cool the to a ſefs bulk by dividing it, its. ſurface nth increaſes, while it 
e mas remains the ſame; and hence alſo it cools the quicker, A cube, di- 
vided into two equal parallelipipeds, acquires 4 more ſurface hereby; ſo 4 

ſphere, when divided into two hemiſpheres, acquires hereby two great ct. 

es of ſurface, and thus gains 5 parts; and the ſooner accordingly vil 

they cool after heating. The. diviſion. therefore of a hot body into leſfr 

parts, and its reduction from a ſpherical figure to plain ſurfaces, are two 
cauſes whereby the cooling of bodies is greatly accelerated; as their con. 

tat: with colder bodies is. hereby much eat Thus a. pound of boil 
ing water, while in a ſpherical figure, will retain its heat a long time; here. 

as if poured out on a large cold iron plate, it preſently cools... 


COROLLARY XV. 


The different 250. From a due conſideration of what has been delivered, we ftal 
beats in men, be able to ſee. into the cauſes of the continuance; of heat in other things 
It has long been obſerved, that men of hard, firm, robuſt bodies, inurd 

to exerciſe, and at the ſame time of denſe, ponderous humours, are alwa)3 

| hotter, and cool much ſlower than others; the cauſe whereof has been 1a. 

rioufly aſſigned: from the premiſes it follows, that ſuch bodies, comprel- 

ſing ſtrongly the denſe fluids with their firm ſolids, muſt of neceſſity col. 

le& a great deal of fire, and retain it very tenaciouſly. So it has 
obſerved: that carcaſſes, after the vital warmth has left them, cool my 


Withm- 
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within- ſide, and faſt in the outer parts; the cauſe whereof eaſily follows from 
what has been ſaid, without recurring to any veſtal fire hid in the viſcera of 
the body. On the contrary, that lax ſoft luggiſh weak bodies can never acquire 

ſo much fire in their watery humours is clear, in regard the are always 
under a leſs attrition, leſs condenſation, and diffuſe into larger ſurfaces ; - 
by which means they are unfit, even to retain the heat which they have 
conceived, Hence may appear what. miſchiefs are to be apprehended, and 
what remedies to be applied in both caſes : ſo. univerſally uſeful is this 
doftrine, - 


i 


— — 


_ 4 > 1 2 
„ - x © 


COROLLARY. XVI. 


251. The theory of the cooling of bodies may be alſo applied to explain, Where the 
what has hitherto perplex'd the chemiſts, phyſicians, and philoſophers ; 1 2 5 
viz, whether human blood be hotteſt in the heart, and why? What a va- z, — 5 
riety of opinions have been advanced on this queſtion, which yet naturally 
ſolves itſelf on our principles? The blood is allow'd by all to be coldeſt in 
the veins; in its return from the external cold parts of the body, it becomes 
mixed with the new humours juſt taken into the body, and colder than 
the reſt ; it is alſo contained in looſe, weak, unactive, large veſſels, and 
thus returns to the right ventricle of the heart; whence the venous blood 
ſhould, in no part of the body, be colder than in the right ventricle of 
the heart: but the exceſſive cold, which would thus ariſe, might en- 
danger life itſelf z for which reaſon the blood, in its return by the veins to 
the heart, is ſtill kept in a ſomewhat more temperate degree of warmth, by */ 
the heat which the arteries ſupply, and communicate to the body. And 
yet on theſe accounts the blood muſt ſtill be coldeſt in the right ventricle, 
if compared with the arterial blood. But the ſame blood, thus cooled, is 
driven by the force of the right ventricle of the heart into the narrow ſtron 
elaſtic canals of the pulmonary artery; where being compreſſed and agitated 
with the whole effort of reſpiration, it is neceſſarily driven through one of 
the lobes of the lungs in equal quantity, as at the ſame time through the 
whole body, and all its parts. Hence, therefore, the blood undergoe: 
more attrition, and conſequently muſt conceive more heat in the lungs than 
in any other part; ſo that the heat would here grow intolerable, and even 
mortal, were it not that the air drawn into them by reſpiration, is always 
much colder than this blood. And Malpigbi ſhews, that this blood in the 
lungs, being divided through a multitude of minute arteries, which every The heat of 
where accompany the ſmalleſt vefcule of the lungs, is thus extended into 77 «ir in 765, 
an immenſe 2 and expoſed to the air, which every moment receives aten 
an acceſſion of freſh, and therefore cold air; on which accounts, the blood 
again ſhould not be colder in any part of the body than in the lungs. How 
wonderful the contrivance, that where for certain purpoſes the blood re- 

ured to be hotteſt of all, ſhould for others again. require to be coldeſt 

he new chyle and blood could hardly, without endangering life, be*duly + 

| driven through all the veſſels of the body, unleſs it were firſt attenuated and 
divided by a vehement attrition into. its minuteſt elements; which again 5 
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could not be done, without at the ſame time ucing an intenſe heat; 


yet if ſuch heat had continued but for a ſmall time, without the blood's 


being cooPd again from other cauſes, it muſt all N have putrefied, 


and thus put an end to life by a moſt peſtilent diſeaſe. I formerly obſerved 


in a ſugar-baker's workhouſe, that the air, in the apartment where they dry 


their ſugar-loaves, is prodigiouſly hot and dry; ſo that I could not endure 
it for the ſmalleſt ſpace of time, without danger of inſtant ſuffocation : this 
made me 1magine I had found a proper opportunity of examining what heat 
of air living animals may endure. But being diverted herefrom by other - 
neceſſary avocations, I deſired M. Fabrenheit, and my kinſman 7odoc. Pro. 
vooſt, to make experiments with this view, and relate me the ſucceſs: which 
being done with great faithfulneſs, J ſhall here rehearſe ; being of opinion 
that few experiments, have been made, which conduce more to the under- 
ſtanding of the aerial fire, and its action on animal bodies, their humours, 
and parts; nor ſhall we eaſily find another experiment of more extenſive uſe 
in chemiſtry, 

252. This apartment then of the ſugar-baker's workhouſe was ſo hot, 
that the quickfilver. thermometer being detain'd in it a conſiderable time, 
roſe to 146. A ſparrow, in a cage, being then placed in it at fix in 
the evening, after remaining about a minute, gaped and panted with 
great labour, breathed thicker and thicker every moment, till its ſtrength 
ailing, it could no longer hold on its perch ; but deſcending to the bottom, 
continued breathing very laboriouſly, and died in leſs than ſeven minutes. 
At the ſame time with the ſparrow, a dog was ſhut into the ſame hot 


room, and, after continuing about ſeven minutes gaping, putting out his 


tongue, and panting for breath, ſufficiently diſcovered how offenſive the 
Heat was to him ; notwithſtanding he kept in his wooden cage pretty quiet 
for about a quarter of an hour, when his breathing became very loud and for- 
cible, and he ſtruggled ſurprizingly to get away; but. his ſtrength ſoon after 
fail'd him, and he began to breathe flower and flower ; but his reſpirations 


> were ſtill ſtrong and laboured; at length theſe grew weaker and more lan- 


guid ; ſo that a little before his death they could ſcarce be heard: during 
the whole time he diſcharged an exceſſive quantity of foam, which was of 
a ruddy colour, and yielded fo intolerable a ſtench, that none of the by- 
ſtanders could bear it; and though ſo ſuddenly produced in the animal, 
was ſo horribly offenſive, that a perſon coming near it, for the twinkling of 
an eye, fainted away, and needed to be recoyered with ſpirit of wine and 
myrrh. The operator being thus truck, was diſabled from applying the 
thermometer to the mouth of the dead animal, in order to learn what degree 
of heat his body had ; but preſently after his recovery, applying the ther- 
mometer, he found it at 110 degrees. With all this heat, and ſuch violent 
ſtruggles of the dog, there appeat d not the leaſt ſign of ſweat on him. The 
dog when hung to the ſteelyard, weigh'd ten pounds. 

253. While theſe experiments were making with the bird and dog, 2 
cat was alſo put, in a wicker-caſe, into the ſame hot room; and, after 
continuing about a minute, began to throw herſelf upon the ground, pant, 
and in about a quarter of an hour breath'd loud with a hifling noiſe, on 
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making incredible efforts to eſcape; after enduring like the former ſhe died, 
cover'd with ſweat as if drench'd in water. 

254. By this we ſee how air, 48 degrees hotter than the blood of a heal- 
thy youth, found I applying the thermometer in his mouth, quickly 
raiſes a moſt acute diſeaſe, and cauſes death itſelf with all the ſigns of ſtrong 
convulfions. What a change at the ſame time is made in all the humours 
of the body, which by this means become moſt fetidly putrid ? There is 
not in nature a more abominable ſtench than this; which, though produced 
in ſo ſhort time, in a ſound animal, far ſurpaſſes any cadaverous matter; and 

could by its mere contagion ſtrike down a ſtrong perſon, inured to hard la- 
bour, and bring him to the very brink of death. How muſt the humours 
have been reſolved, and how chang'd from their natural ſtate, when the 
faliva itſelf could in ſo ſhort a time aſſume a red colour? Fire alone could 
not have done this; for the. fleſh of a dead animal being ſuſpended in the 
ſame heat, only grew dryer, without reſolving into ſuch a noiſome filth z 
but the vital motion, while it remain'd in theſe animals, produced a further 
degree of heat by its attrition in the lungs, and at the ſame time a tendency 
to putre faction; and as nothing was brought in to temper and allay it, roſe to 
a much greater degree than in the hot room itſelf. Hence the oils, falts, and 
ſpirits of theſe animals became perfectly putrefied in about 28 minutes time; 
and the bird only lived about one. minute in this ſtate, Vet the ſervants em- 
ployed in the ſugar-houſe can enter the room when thus heated, and continue 
in it a ſhort time; taking care to quit it ſeaſonably for refreſhment. Thus 
at thoſe iron-forges, where the run metal is cut into large iron plates, 
the workmen can indure the heat for a moment, but unleſs they retire ſpee- 
dily, and recover themſelves by. lying down, and breathing a colder air, 
they ſoon fall and faint away. When the air is heated, by art, to the ſame 
degree as it is found in a healthy perſon, a man placed in it will find it 
intolerably hot and ſtifling, ſo that he cannot long endure it; but endeavours - 
by all poſſible means to cool himſelf, and muſt otherwiſe quickly faint away. 
Thus hot air weakens our ſtrength, and cold reſtores it; and unleſs the 
heat be temper'd with alternate cold both plants and animals ſoon periſh. 

255. Hence we learn, that the heat of the blood, both in the veins, . 
arteries, heart, lungs, and other parts, is pretty equable ; that it is made 
the hotteſt, and alſo the coldeft in the lungs, and thus between the two re- 
duced to a proper temperature. 84 


COROLLT ART n. 
256. By how much therefore the matter whereof a body conſiſts is denſer, Nat is re. 
its bulk greater, and its figure more exactly ſpherical; the more diſpoſed it is $7 vi- 
to preſerve the fire it has conceived, for a long time; which is every where 4997p. 11 
confum'd by experience: and if to all this, the ſpace wherein the body is las. 
found be exceedingly rare, or next to a vacuum, we ſhall have all the phy- 
uk cauſes hitherto _ diſcoyer'd, which concur to the long preſetvation of 


COROL- 
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COROLLARY. XVIII. 


Yu theſegrow'. 26. Vet bodies ignited even to a degree: next to Fuſion, however large, 
cool in the = Ages they may ** n bu in air, to ve ee 
t a 


COROLLARY XX. 102 b 
Whether vi- 257, hy we not, therefore, after Sir Jaac Newton, lay down the + vi- 
bration be the bration of the particles which compoſe a body, for the ſole entire cauſe to 
9 "which, the continuance of 'fire is owing in a heated body ? *Tis certain a 
bell, with a ſingle ſtroke given in one fingle place, by = metalline e. 

ic body, will yield ſonorous tremors, ſufficiently audible for ſeveral ſe. 

gad, and continue the ſame, though not ſo as to be heard, a conſiderable 

time longer; as may be learnt from ſprinkling ſand on the bell: but other. 

wiſe the vibrations, even of elaſtic bodies, quickly re among us. 


EXPERIMENT XXI. 


Denſe bodies 288. By how And bodies, whether fluid, or ſolid, a0 11. the 


beat flewh. 15 time the ire to conceive an equal heat by the ſame fire. 
| = Suppoſe 8 Niiipeeg of — open a- top, and full of 
water, and on this ſuppoſe placed ſeveral equal cylindrical glaſs-veſſels, filled 
to the fame height with fluids'of different weights, and let fire he put 
under the whole, that the water in the patallelipiped may be equally heated; 
the effect will be, that the lighteſt and elt Aida will ſooneſt expand, and 
the denſeſt the lateſt: the like will alfo be found, if thermometers be placed on 
the fame, Air heats the ſooneſt, then alcohol, then the pureſt petrol, then 
oil of turpentine, then fair water, then falt-water, then the We lxi · 
e metals, mercury, and gold. | 


COROLUARY 1. 


The diſpoſrion 260. The * or matter of a body, therefore, both admits and diſmiſſes 

of body to heat. fire with difficulty ; z ſo that body, —— as body, appears tenacious 
and retentive ** its temperament, and refiſts. any change to to be made 
therein. V 0 4 - 


EXPERIMENT XXII. 


Small ba, 261. Bodies, ceteris paribus, grow warm "ſlower, by how much the 
beat ſooner are larger; and quicker, by how much they are leſs: this is ſo well Known 
than great. from many vulgar" experiments, that it may be laid down as an axiom. 
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EXPERIMENT XXIII. 


262. By how much bodies are denſer, and at the fame time larger, hat bodies 
the more and longer fire they require to arrive at their greateſt heat; as t the /ow- 
alſo the nearer they are brought to a ſpherical figure, or a figure which con- ef. 
tains the moſt matter under the leaſt ſurface. Thus, — — a pound of 
iron form' d into a thin parallelipiped plate, and another pound caſt into a ſphe · 
rical form, immerge the two in boiling water, the you will acquire the heat 
of the water preſently, the ſphere more flowly ; ſo that thus far the ſur- 
face appears to be the meaſure of the heat and cold, both admitted and 


kt go again. . 


EXPERIMEN T XXIV. 


263. Among all the bodies hitherto obſerved, there is none which ſpon- Ns ene body 
taneouſly, and when left to itſelf, becomes hotter than all others. This, naturally ber- 
how paradoxical ſoever it may appear, is the reſult of induction; for we - aa 1 
have ſhewn in the above-mentioned experiments, that all thoſe which are re- 
puted the hotteſt bodies, if they be left to cool in an air of the ſame tem- 
perature, always return to the ſame degree of heat and cold. Thus the 
phoſphorus of urine, when immerged in water, becomes as cold as the wa- 
ter which ſurrounds it; though upon admitting the air, it immediately grow 
hot. The phoſphorus prepared of alum and unctuous matters calcin'd, 
while kept in a glaſs phial, has the ſame temperature with the phial itſelf, 
nor makes any 2 therein; but upon giving free ingreſs to the air, it 
preſently catches fire. Linſeed oil, which in the greateſt natural cold never 
congeals into a ſolid maſs, but fill remains fluid, is yet then equally cold 
with the coldeſt ice : nor is the pureſt ſpirit of wine any — they quick- 
ſilver. That wonderful ſpirit of nitre, firſt diſcover'd by Glauber, and re- 
puted fiery in the higheſt degree; or that oil diſtilbd from ſaſſafras wood, 
when kept at reſt in cold veſſels, are equally cold before their mixtion, as 
the moſt rigid ice; though after mixtion they appear to conſtitute an in- 
tenſe fire. Flint and ſteel in froſty weather, however cold when at reſt, yet 
by a ſingle colliſion inſtantly produce a vehement fire in the cold atmo- 
ſphere ; ſo that as far as bodies have hitherto been tried, there is no known 
one which of itſelf is more diſpoſed to heat than to cold; or which of 
ts own accord grows hotter than any others. And yet the contrary opi- 
mon is deeply rivetted in the minds of men, who imagine that at leaſt the 

ies of animals are always hotter than other things; which indeed may 
granted, if we confider them as alive, while the vital attrition of their 
Parts is continually collecting fire, and gathering heat; but when the heal- 

eſt man is drowned in water, all things till remaining the ſame, ex- 

cept that the motion of attrition is wanting, the carcaſs ſoon returns to the 
of coldneſs of the water. It may be objected, that dead carcaſſes 
Qq _ 
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are ſometimes found very warm a conſiderable time after death, which ſeems 
to e, that the bodies of ſome animals maintain a heat within themſelves; 
but he it be confidered that in ſuch caſes, there is a putrefaction, or a con- 
tinual and briſk motion, which by its attrition collects the fire, otherwiſe 
foreign to it. So cold hay, if preſſed into cloſe heaps, and thus moiſten'd, 
will produce a vehement heat, and ſometimes break out into flame. In effect, 
fermentation, putrefaction, efferveſcence, and mixtion, often produce the 
moſt intenſe heat; as will be ſhewn more expreſſly hereafter ; but theſe mo- 
tions never obtain in any one ſimple body, and conſequently are not b 
or ſpontaneous in any body. Other di ies, which may be flared v 
gainſt this doctrine, you will eaſily ſolve. 


COROLLART I. 


"The cauſe of 264. Does not a denſe body, therefore, the hotter and hotter it 

beat, and of grows, contain the greater quantity of fire in it; and is not this greater 

pus contin” quantity of fire, thus procured, owing to the greater quantity of fire applied 

oy, and united to ſuch body ; and does not the long application of the ſame fire 
occaſion a greater quantity of it to be united with ſuch body? 


© 4 
© Y 


COROLLARY u. 


-"265. Is not the phyſical cauſe of fire continuing ſo — a body once 
FBested, owing to the fire itſelf, which inſinuates ſo plentifully, and conti 
nues Io long in the heated body? 


N COROLLARY II. 
266. Or is it the matter of the heated body, and the fire communicated 
to it, that conſpire together to produce this effect? 
rn 


_— nature of what philofophers call elementary fire; by conſiderin it as it is 


we have further alſo conſidered it, as it remains pure in bodies themſelves, 
without taking any pabulum from them, but remaining pure, and only 
dxiyen into parallel or converging rays : and again have conſidered it as col. 
tected in bodies by, motion and attrition alone. No pains have been ſpared 
to explain and ingulcate this doctrine fully, before proceeding to the confi- 
- deration of fire, as ſupported by combuſtible matter; which is very different 
from the former, both in its nature and effects. Many errors have 
among the chemiſts, for want of diſtinguiſhing, with ſufficient accuracy, be. 
tween theſe two kinds of things, which are known by the common name 
fire, We proceed nom to examine vulgar fire, which many hold as the 
- only fire; but, by the way, it may be proper to ſubjoin ſome circumſtances 
relating to the -hiſtory of fire, as given by other authors ; that the _ 


27 
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iſtory may be render'd as compleat as poſſible, and all the inventors find 
their due praiſe. „ 5 
268. An iron rod, a foot long, being heated red-hot,” became v longer 73, Agens. 
than before: and a glaſs cylinder, a fathom long, under the ſame circum- rie of others 
ſtance, gain'd + in length (y). A metalline ring thus heated gain'd g in n the /ub- 
its diameter (z). A glaſs globe became extended 5; part by the meer“ 
heat of the hand applied on its ſurface (a). * | 
269. A thermometer, when placed in a hot fluid, at firſt finks, but pre. 
ſently riſes again; and if ſet in a cold one, firſt riſes, and then finks(4). This 
is ſhewn to be owing to the expanſion or contraction of the glaſs on the 
firſt application (c). Fire, in heating fluids, does not ſeem to expand them 
equably, but per ſaltus, or by certain fits (d). Mercury, being put in a 
glaſs phial, and this in water, and fire under both, till the water boils, the 
mercury riſes equably ; but after the water has once boil'd, will riſe no fur- 
ther, though a much greater fire be applied: and hence excellent thermo- 
meters may be made of mercury (e). Theſe matters I thought yan to inſert, 
after the authors here-mentioned, to give further room for ſpeculation ; 
fince one thing may —_— correct another. If you take two cold me- 
talline rods of equal weight, heat one of them red-hot, and then examine 
them by the ballance, the hot one will be the lighteſt 3 and if a coal be laid 
under the cold one, they will return to an equilibrium. Two metalline 
rods being hung in equilibrio, if a coal be laid over the one, it will become 
the lighter, or if laid under it heavier (J). | + 


g Stem. Cel. Part IL. p. 191. 0 Bid, 5 
rern » Abridg, Tom. 2. 
(a) —— Mem. cad. 4 & . p- 12. (e) 1d. i E * 


1706. p. 4. Saggi di Nat. Sper. 266. 
< Lab 4; Nat: Sper. p. 178, to 181. D. * 
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Of Fewel, or the Pabulum of Fire. 


1. T FAVING ſhewn that fire remains always the ſame, without altera- 

tion either in its nature or — z and that it may be collected 
in certain bodies, e. gr. gold and ſilver, and remain a confiderable time 
therein without biaſing any ſenſible deſtruction of them; it remains to ex- 
amine thoſe bodies wherein fire may be preſerved the longeſt time ; but 
with this condition, that while retained, and ſometimes alſo increaſed there. 
in, the bodies themſelves are conſumed and diſſipated by the action thereof, 
ſo as almoſt to diſappear from our notice; for the fire once collected in them 


Tuo ways of 
— 


tion, is allowable. But if to the word pabulum, we affix the preciſe idea of 
— a matter feeding fire, and converted by the ſame into the v . ſubſtance of 

elementary fire; and which laying its former nature, —— that of 
fire juſt created, we make a concluſion, which before it be admitted as true, 
deſerves mature conſideration z and which, however eaſy to be aſſerted, will 
be very difficult to prove. In effect, from this doctrine it muſt neceflarily 
follow, that the quantity of bodies which are thus employed to feed and 
ſuſtain fire, as being continually waſting or diminiſhing, and the quantity of 
elementary fire in the univerſe being increaſed in proportion, by which means 
fire till growing, and all other bodies waſting, we ſhould by this time have 
had nothing left but fire: and yet by comparing the moſt ancient times 
with our own, there appears not the leaſt indication of ſuch increaſe of fire, 
On the contrary, it is generally obſerved, that the power of fire, and con- 
{quently the quantity of it, remains much the ſame, without any conſide- 
rable increaſe, and no diminution. Of this we have a proof from thoſe 
ingenious and accurate meteorological tables, made many years ago by that 
excellent geometrician Nichol. Cruguius, which ſhew a great equability in 
the degree of heat. So after the burning of huge foreſts, which has ſome- 
times laſted ſeveral months, the leaſt addition of heat has never been ob- 
ſerved to remain. Might we not expect, that during almoſt 6000 years, 
wherein the whole combuſtible matter of the inhabitable part of the earth 
has been ſo often burnt, the heat, by ſuch continual augmentation, mul 
have at length become too fierce for tender plants and animals to endure 
whereas in reality the heat has ſtill continued the fame in every quarter 
the globe. A certain determinate warmth of the air and ſoil is always 
neceſſary to cheriſh the tender embryo's of plants, hidden in their ſeeds, to 
fill, and diſtend them with moiſture, and thus open their weak ſubtile fam. 
A heat beyond the proper limit burns up the originally almoſt fluid little organi 
: 5 
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cal body at its firſt appearance ; or if the heat be too remiſs, the embryo droops 
and periſhes as certainly. The like holds of animals, whoſe male ſeeds infinu- 
ating into the ova of the females, require ſo temperate a warmth, that the 
hundredth degree on Fabrenhei!'s thermometer burns and deſtroys them; 
and they can hardly be brought to perfection in the ſeventieth d of the 
fame. So the impregnated ove of inſets, which will endure the ſevereft 
winter's froſt, are, however, ſoon deſtroyed by a degree of warmth a little more 
intenſe than ordinary. Thus if we purſue our enquiry throughout all na- 
ture, we ſhall manifeſtly find, that fire continues the ſame as ever; nor after 
ſo many unhappy conflagrations cauſed by meteors, ſo many eruptions of 
burning mountains, ſo many fires in kitchens, ſtoves, and furnaces ; ſo 
much fire and deſolation in war by the accenfion of gunpowder, do we find 
any augmentation of fire at this day: we may add, that by the following 
examination of the pabulum of fire, it will plainly appear, that the caſe is 
much otherwiſe than is uſually imagined We proceed therefore to the 
conſideration of this uſeful and agreeable point; and in the firſt place, layin 
down that there is a combuſtible matter found in vegetable, animal, an 
foſſil bodies, we will, to proceed the more diſtinctly, next conſider this 
matter as found in the vegetable claſs; fince by this animals are alſo fed and 
ſuftain'd ; and we find this claſs eaſier to examine than that of foſſils. 

3. All known vegetables are capable of burning, and in ſo doing of feeding 7gerab/e 
fire, the larch-tree not excepted ; but as theſe may either be expoſed to the frwe/. , 
fire crude, and in the condition they were in when alive, and full of freſh 
Juice, or as dead and dried, it will be proper to conſider them in both 
thoſe ſtates; and becauſe when we are acquainted with the green kind, what 
belongs to the dry will be eaſily underſtood, our firſt enquiry ſhall be what 
it is that is properly combuſtible in green or living plants. | 

4. All crude vegetables, of what ſort ſoever, contain water, a fine ſub- nen green. 
ſtance called ſpirit, conſiſting of inviſible volatile particles, uſually odorous, 
which — reſide in the water, and hen ſeparated therefrom, diſſipate 
in the air; alſo an acid volatile ſalt, which uſually appears in a fluid form, 
an alcaline volatile ſalt, a very light volatile oil, and uſually ſtrongly im- 
pregnated with the peculiar ſmell of the plant, a more fixed and ponderous 
oil, a black coal, which being agitated by a ſtrong durable fire in a cloſe The proces of 
veſſel, remains fixed and black;; white aſhes which remain from this coal after ignition in ve- 
burning it with an open fire; a ſalt left in theſe aſhes, which being extracted £45, 
from them by lotion, is of a fixed alcaline nature; and laſtly pure earth, as ;4,p-9per - 
it is called, the remains of the aſhes after the ſalt is extracted. This is port of fire. 
an accurate enumeration of the ſeveral matters diſcoverable in a burnt ve- 
getable ; and among theſe, as changed by the various actions of fire, we 
muſt enquire. which it is, that is properly inflammable or combuſtible in re- 
ſpect of fire. | 

5. If we ſuppoſe then a crude vegetable, with all the above-mention'd 
parts in it, committed to the fire, while they are yet moiſt, it will firſt 
yield a ſmoke or vapour, which riſes from the plant in form of a cloud, 
and according to the conditions of the ſubje& may be calleed cither in toe 
g 0 
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vg tables. 


diately reduces ſuch 
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of an acid or alcaline water, which uſually carries its ſpecific ſmell along 
d. 


with it; and this vapour is very thin, light, and almoſt pelluci 
6. When the plant is deprived of cus firſt part in the fire, and therefore 


begins to dry, another fume begins to ariſe, which is uſually black, much 
thicker, opake, denſe, acrimonious, fetid, and _ every minute more 
y 


and more groſs, denſe, and at length almoſt pitchy, and comes out whirl. 
ing about the vegetable. 

7. Soon after this ariſes a bright ſhining crackling flame, in lieu of the 
ſmoke, which ends where the begins; ſo that there is always the leſs 
ſmoke, in proportion to the greater clearneſs of the flame; and if the flame 
be again extinguiſh'd, the ſmoke appears thick and black as before ; if ſuch 
ſmoke, however fluid and volatile, be collected into a maſs, it forms a black, 
unctuous, tenacious, fetid, bitter pigment, called ſoot. 

8. The vegetable, thus conſumed to ſmoke, flame, and ſoot, leaves an- 
other part behind, which may be ignited like a metal, but is utterly 
unfit for maintaining fire, and is called aſhes. Theſe aſhes are various, ac- 
cording to the ſpecies of the vegetable burnt ; thus, if it abounded in vola- 
tile, acrimonious, ſaline, alcaline fumes, the aſhes will be almoſt inſipid, as 
we find in garlic, onions, ſcurvy-graſs, rocket, hedge-muſtard, creſſes, leck, 
water · mint, muſtard · ſeed, treacle - muſtard, and the like pungent anti-ſcor- 
butic plants; where the fire hardly produces any fixed Cle. On the con- 
trary, if the plants be acid and ſucculent, much falt will remain in the 
aſhes ; as we find in the green woods of moſt trees, which being laid, in 
large blocks, on the fire, diſtil a —— of acid water at the ends. 
Laſtly, if the plants be auſtere, acid, or aromatic and bitter, their aſhes will 
yield the greateſt plenty of ſalt. 

9: If a vegetable, moderately dried by exhaling its water, yet not too 
old and ſapleſs, be expoſed to the fire, the ſame things will enſue, and in 
the ove order; only the firſt watery fumes will be leſs than in the for- 
mer caſe. X . 

10. Laſtly, if a vegetable, when rotten, fungous, light, dry, and old, be 
laid on the fire, it will not burn with fo fierce a flame ; but will ignite and ſhine 
for a little while, and ſoon fall into aſhes, which have ſcarce any ſalt in them: 
and it will afford very little ſmoke or ſoot. 

11. And as all theſe things are obſerved in the burning of every vegeta- 
ble, we may hence make ſome inference concerning the matter in them w 
property burns. | 

12. Firſt then, let us conſider the water, which makes a conſiderable part 
in all vegetables to be burnt z this, it is true, will admit a certain quantity 
of fire, and retain it for ſome time; but this fire only riſes to about 212 de- 
prees, before it affects the particles of the water, and their ſituation, with re 
gard to each other, in ſuch manner, as that they will admit or. retain no 


more fire. Thus no art is yet known, whereby we might impregnate the 


icles' of water, ſo as to give them a fiery brightneſs, and conſequent!) 
make them yield a ſhining ſmoak : far from this, if water whether hot ot 
cold be thrown in a quantity on flame, or any burning matter, it imme. 
— the degree it before had, to its own degree of 
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212, and conſequently puts an end to all burning, takes away ignition, ex- 
tinguiſhes flame, and diflipates the glittering brightneſs of fire: and when 
water is reſolved by means of a violent fire into an active vapour, which dif- 
fuſes itſelf briſkly all around; yet being thus reduced into the form of fume, 
it exhibits all the ſame effects in reſpect of fire; as may appear by this, that 
if a live coal, or a burning torch be put in the thick ſteam of hot water, it 
will be as perfectly extinguiſh'd, as if water had been caſt on it. So it ap- 
pears by chemical diſtillations, that water, however „ 9 by fire, full 
remains pure water as before ; yet it cannot be denied, that water has a 
great fee in the burning of 4 which would hardly happen were 
the water away. For if water be poured on boiling oil, we find a new ac- 
tion ariſe between the water, fire, and oil, very different from what would 
otherwiſe have obtain d. Suppoſe, a pound of oil bayling hot and flaming in 
a copper veſſel, the fire in this oil will be about 600 degrees, and not be 
very violent, if the oil be kept ſtirring: throw an ounce of water at once 
into this boiling burning oil, and it will produce a violent noiſe of the parts, 
with a ſtrange unequal motion through the whole; for the water caſt on 
the hot oil, in falling into the pores thereof, by its weight, meets conti- 
nually with a degree of heat, almoſt triple to that which the hotteſt water is 
capable of ; by which means the particles of water being dilated with an in- 
credible force, and agitated by a vehement motion, ſhake all the tenacious 
parts of the oil, diſſipate and diſpel them into air: if therefore in burning, 
vater and oil happen to meet, a new and very different fire ariſes from them, 
to which the ſmiths are no ſtrangers; who when they would raiſe a fierce 
fire, by blowing up their coals with the bellows, firſt ſprinkle them with cold 
water, Nor muſt it be omitted, that a greater heat may be communicated to 
water, when the weight of the atmoſphere being increaſed, it is more com- 
preſſed thereby: and in effect this augmentation is ſo conſiderable, that for 
every increaſe of the weight, a ſenfible addition is perceived to the degree of 
the heat. If therefore in burning, the water ſhould be compreſſed as with 
a double weight of the atmoſphere, its power of diſplofion would be terrible. 
From the confideration of this, I have often wonder'd at the immenſe height 
to which the heat of water might be raiſed by fire, if there were any water 
in the centre of the earth. By the law demonſtrated by Mariotte, it ap- 
pears, that air, at the depth of 409640 fathoms under the ſurface of the 
earth, would be as heavy as gold. Suppoſing this law to obtain every 
where, how much greater weight then muſt water be there compreſſed 
with; with how much greater force would fire there burn; and would 
not water, if there heated to the degree of boiling, ſhine like ignited me- 
tals 675 Beſides this, we find another extraordinary power of water on fire; 
for if a fixed alcaline alt be fuſed with a ſtrong fire in a crucible, till it run 

Water, and thus be expeditiouſly poured into an iron or braſs veſſel; 
. a mortar, at the bottom whereof is a ſmall quantity of water, the 
falt will fly from it with incredible force, as the chemiſts have often found 
to their great loſs and danger. But nothing is more terrible than the power 


of water, applied to the fire found in melted copper; for if in a copper- 
foundery, 


(g) See Hiſt, Acad. R. 1703. 6. and Mem. p. 101. 
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foundery, where the melted metal is contain'd in large veſſels, the ſmalleſt 
quantity of water, by misfortune fall on it, a clap like thunder with horri- 
ble force is immediately produced, which throws down every thing. $9 
if a few grains of melted copper be thrown into water, a ſhock immediately 
enſues, which burſts the ſtrongeſt veſſel, both at the bottom and fides, con. 
verting it almoſt into powder (H). Hence may appear what effect the water 
naturally contain'd in a burning vegetable may have, in reſpe& of the fire 
burning ſuch vegetable, if we conſider it as only a water; and how much its 
power may be till increaſed, if there be any oily, faline, or other metalline 
parts therein: ſo that a body, which otherwiſe is thought proper for ſub. 
duing the force of fire, may, under ſome circumſtances, prove the inſtru- 
ment of heightning and increaſing it beyond belief. 
13. We proceed now to examine the ſpirits of vegetables, which ſwim 
and float in and with water, in the natural ſtate of things; or without 
any previous fermentation. Theſe, however pure and well cleanſed of 
water we may - endeavour to procure them, yet we never find any thing 
in them_to ſuſtain flame or fire: on the contrary, when well purified, 
if we caſt them on fire, they preſently extinguiſh it, provided there be no 
oil in them. Thus if green roſemary be ſo treated, as to exhale its fra- 
grant water, we ſhall find nothing inflammable in it; and if by a gentle 
we continue further to ſeparate the odorous part from the other, in 
cloſe veſlels, neither will this be found fit to maintain fire, but on the con- 
trary will put it out. i 

14. We come next to conſider that part by chemiſts called acid falts, 
which exhale with the water and odoriferous ſpirit above-mention'd. 

15. It has long ago been obſerved, that theſe volatile acid falts often 
prove highly acid, as appears from the ſmoke raiſed in the burning of acid 
woods, and alſo the acid foot ſometimes collected from them: and in di- 
ſtilling the heavier woods, as box, juniper, guaiacum, oak, and the like, 
the ſpirits obtain'd are almoſt as acid as vinegar itſelf ; the ſhavings of guai- 
acum diftil'd in a clean veſſel, with a moderate fire, yield a liquor which 
has all the marks of a thorough acid ; and this, as I have often obſerved, 
being carefully ſeparated from all its adhering oil, which may eaſily be 
done by filtration, and a flow diſtillation, becomes exceedingly acid, liquid 
as water, and conſiderably volatile: yet after all this purification, if it be 
caſt on the fire or flame, it does not increaſe, but extinguiſh them, That 
other pure and 1 ſpirit, procured by fire from the native balſams 
of plants, has the ſame effect. If we diſtil ſome pounds of the pureſt tur- 

ntine, in a clean veſſel ; with a fire gradually raiſed, this oily fat balſamic 
ubſtance will yield a limpid liquor, intimately miſcible with water, 
of an acid taſte ; which is perhaps one of the nobleſt diuretics known: ye 
this too, if caſt on fire, puts it out like common water. From all which 
it appears, that the acid volatile ſalt, found in burnt vegetables, is not fi 
for the maintenance of fire or flame, but rather deſtroys them. 8 
16. It may be objected, that ſulphur is made of the foſſil acid of vitrio, 


alum, or pyrites, with a vegetable, or foſſil oil, Whence it ſeems to 4 


II See Hi. Acad. R. 1699. p. 110, 
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that the latent acid in this ſulphur, affords a pabulum for fire : but it may 
be confider'd, that the oil alone here affords fuch pabulum ; and that the 
acid flies unchang' d out of the flame, in form of fume, which does not ſtay 
in the flame once kindled, but trickling down in _ returns again the 
fame genuine acid; under the new denomination of oil or ſpirit of ſulphur 
fer cam. | * | . | 

17, We now come to examine volatile alcaline ſalts, which exhale from Yelatile alca- 
moſt vegetables in burning, and may be collected in form of ſoot, and may /ine /alts. 
even be procured from ſome plants by diſtillation ; as from garlic, onions, 
ſcurvy-graſs, rocket, hedge-muſtard, creſſes, leek, radiſh, muſtard-ſeed, 
treacle· muſtard, and the like: if the falts thus produced, be carefully ſepa- 
rated from the water, ſpirits, and acid ſalts, they will be found . unfit 
for burning, and not at all inflammable in the fire, but either fly fwiftly 
away, or diminiſh the briſkneſs of the fire. Neither does that volati 
alcaline ſalt procur'd from a vegetable, by firſt putrefying it, though ob- 
tain'd in greater plenty, or ſtronger than the former, 747 in the leaſt 
fitter for the ſuſtenance of fire. But this is to be underftood of theſe 
falts, when reduced to ſuch a' degree of purity, as that no — . adheres 
to them; for in diſtillation as well as in ng, the volatile e alcaline 
part, riſing upwards, carries with it the fetid oil, which is alſo volatile and 
cloſely united with the former; whence we may ſometimes be deceived; 
becaufe the ſame ſalt, with this oil adhering to it, if caſt on the fire, will 
truly burn; but when, by the method we ſhall hereafter explain, the oil is 
— ſeparated, and the falt left pure, its inflammability entirely 

* | 


18. Oil, which is produced from vegetables by diſtillation, cone EJential oils. 
known by the name of effential oil, appears the moſt volatile of all ot 
12 from them; and at the fame time the moſt genuine, as bei 
less adulterated with foreign matters than the reſt. If this oil be . 
m a clean veſſel, to the fire, and then be kindled by the application of 
fame, it will burn away, and ſmoke but little; leaving behind a few black, 
gous, friable, carbonaceous earthy faeces: and if this oll, however pure ĩt is 
uſually reputed, be again diſtil'd from boiling water, it becomes much purer, 
thinner, and lighter than before ; leaving behind a great quantity of new 
fzces, which will not riſe. The oil thus purified, or as the chemiſts call it 
rectiſed, being again expoſed to the fire as before, will kindle,” and in burn- 
ing yield lefs fmoke, and leave leſs fæces than heforez and the fæces remam- 
ing after the ſecond diftillatian will be much leſs combuſtible than the for- 
mer. From this experiment it appears, that though the inflammable matter 
here diminiſhed, yet what remains is become more inflammable z and ftilf 
fitter and fitter for the maintenance of fire. If then we continue this purift- 
cation of the oil, by repeating its diſtillation from water, a great quantity | 
of oil, before thought to be inflammable, will now be found of a terreſtrial 
nature, and unfit to burn in the fire; and the other oil, which again riſes in 
the diſtillation, being thus further ſeparated from the incombuſtible fæces, 
becomes every time Fetter, thinner; and more limpid ; burns clearer in = 
R r 
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fire, yields leſs ſmoke, and leaves leſs feces behind it; till at length, after 
* ting the operation a multitude of times, the oil becomes exceedingly 


ſubtile, ſcarce yields any ſmoke, and burns away without leaving any fæces: 
and yet this Jaſt and pureſt oil, which appears wholly inflammable, if di- 
RilPd over again in a clean glaſs retort, by a gentle fire, gradually raiſed, 
and this be repeated a ſecond time, the greateſt part of it, as we are inform'd 
by Mr. Boyle, will turn into earthy fæces, remaining at the bottom, and 
ſcarce combuſtible ; the oil itſelf at every new diſtillation growing {till purer, 
and more inflammable, ſo as to burn away without leaving any ſenſible fæces, 
or yielding any ſmoke. If then all the feces obtain'd by the repeated diſtil- 
lations be collected together, and burnt in a clean open veſſel, in the open air, 
they will ignite, ſparkle, and yield a ſmoak, and ſometimes alſo a flame, 
and at length fall into aſhes utterly incombuſtible. Whence it appears how 
little a part it is, even in the pureſt oil, that truly burns, or turns into 
flame, excluſive of the ſmoke and aſhes; which will be a conſiderable 
point gain'd in the hiſtory of fire, conſider'd as it acts on its fewel, and is 
acted on, and changed by the ſame. 

19. Hence we proceed to a new experiment, Take a live coal full of fire, 
put it in a copper · veſſel, and pour on it ſome cold ætherial oil of turpentine, 
which is held the moſt inflammable of all oils; and to our great ſurprize it 
will put out the coal of fire, with a ſmoke and hiſſing, as certainly and rea- 
dily as if water had been poured on it; ſo that cold oil is not kindled by fire 
after the manner uſually imagined, but requires certain conditions in the 
application of the oil to the fire. It will be imagined, that flame is neceſſary 
to this kindling of oil, let us therefore make the trial. 

20. Place a lighted candle in a veſſel, in ſuch manner as that the extre- 
mity of the flame may be below the brim ; then pour the former pure di- 
ſtill'd oil of turpentine into the veſſel, and as it riſes up to the flame, we 
ſhall find it extinguiſh the ſame, without the oil catching fire : and if the ſame 
oil be heated in another veſſel till it ſmoak, and be ready to boil, and while 
in this ſtate we throw in a ſmall live coal, we do not ſtill find the oil kindle, 
but inſtead thereof the coal ſinks dead and hiſſing to the bottom. And a- 

in, if we plunge a lighted candle in the fame heated oil, inſtead of giving 

to that, it becomes extinguiſh'd itſelf. 2 

21. It remains to try thoſe other vegetable oils, prromes by diſtilla- 
tion in dry veſſels, without the addition of water, having the empyreu- 
matic ſmell, and being thicker and more opake. Theſe, if treated after 
the manner above-mention'd of diftilPd oils, exhibit the very fame appea- 
rances. At firſt they flame, yield a black copious ſmoke, and leave a fee 
quantity of feces; but by repeating the diſtillation, become ſtill purer, lighter, 
more limpid, and inflammable, afford leſs ſmoke, and leave leſs fæces; an 
when purify*d {till further, burn ſtill more perfectly; thus bong by art re- 
duced to a kind of eſſential oils. As all theſe things therefore obtain 
in all oils of vegetables, after what manner ſoever they exiſt therein, 
whether by a native coneretion in other s, or by a natural ſecretion 


in thoſe of gum, balſam, roſin, pitch, or by diſtillation, or laſtly by 1 7 
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ing; we have hence a view of the true nature of the combuſtible matter, 
and may draw ſeveral concluſions belonging to the hiſtory of fire: for 
want of which, great miſtakes have been committed both about the nature 
of fire and fewel. 
22. All vegetables, when burnt fo far as to be ignited from their ſurface Chara. 
to the middle of their body, but not waſted to aſhes, and being then ſud- 
denly extinguiſh'd in water, or ſmother*d by excluding the air, or bury- 
ing them deep under aſhes, or other bodies, loſe their fire, and are con- 
verted into a thoroughly black body, called coal, or charcoal; and if any 
vegetable body be put in a retort, and urged with ſo violent a fire, ſo long 
continued, as that nothing more will riſe out of the retort into the re- 
ceiver, the whole being done in cloſe veſſels without any acceſs of the air; 
upon letting all cool again, we ſhall find at the \bottom of the retort a 
black vegetable matter, which 1s alſo a true coal, and in all ref; like the 
former, Either of theſe, when very dry, being laid on the fire, preſently 
catch, and retain it ſtrongly, till conſum'd almoſt wholly, without yield- 
ing ſmoke, ſo long as any blackneſs remains; —_ during the whole 
time it yield an exhalation, which if received in a cloſe place, quickly and 
inſenfibly deſtroys any animal : and this holds whatever the operation be 
perform'd on, herbs, wood, bituminous turf, or peat. After all the black 
part of the coal has been thus conſum'd, what remains is a whitiſh duſt, 
called aſhes; on which the fire, however applied, will have no further effect. 
All we can do is to unite fire with them, as we do with metals, ſtones, and 
the like bodies, which retain fire without waſting. It is moſt remark- 
able, that this unfitneſs in coal for ſuſtaining fire, commences at the ſame 
time; that its blackneſs gives way to the cineritious or aſh-colour, and con- 
tinues as long as the blackneſs remains ; as may be ſhewn by a familiar ex- 
riment in a ſlender kind of coal, viz. paper burnt to blackneſs: for if a 
3 caught on paper thus burnt to blackneſs, it will run this way and 
that, ſtill deſerting the parts as they appear cineritious, and ſhifting to o- 
thers where the blackneſs yet continues; which, when it has conſumed, it 
immediately quits, and takes poſſeſſion of ſome neighbouring part yet 
black ; till having conſumed every part of that colour, it leaves the paper 
only a ſender compages of white aſhes. Vegetable coal therefore is that 
of the plant, from whence the fire has expell'd the water, ſpirits, volatile ſalts, 
and ſome part of the lighter oil, leſs intimately mixed with the reſt; leaving be- 
hind the earth, fix'd ſalt, and groſs oil, which being rarified, attenuated, and re- 
duced to a black colour by burning, is diffuſed over the increaſed ſurface.of 
the earth and fix d falt : for all that appears black in coal is the mere oily part, 
which being rapidly moved in the firſt action of the fire, and hereby greatly 
Extended, . and as it were extricated from the uninflammable $ 
and being of a nature neareſt a-kin to flame, it is attracted to the 2 
the body, and, by the ſtifling of the fire, remains ſpread on the outer face 
thereof, where, before the ſubſtance was chang'd to coal, there refided 
water, ſpirits, and volatile ſalts. From the whole we may infer, that the 
combuſtibility of coal conſiſts * in its oil, which remains in it; _ 
| r 2 t 
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that the other parts are incapable of ignition, or wflammation, ſo as, after 

the manner of a fewel, to 2 by the Gre they receive. | 
23. Not to omit any thing ing to this hiſtory, we proceed to ex- 

amine the aſhes of vegetables perfectly burnt : Theſe, if praduced 1 


only extepted; and when Hboil'd with fair water, in a clean veſſel, yield a 
Jixivium of an acrimonious, alcaline, fiery, urinous taſte ; and if the ope. 


ration be again repeated, and the water a-top be poured off the aſhes, 


and freſh water poured on them, boifd with them, and poured off again, 
till at length the water comes off as inſipid as it was poured on; and laſtly, 
if all theſe lixiviums be mixed together, and evaporated to dryneſs, there 
will remain, at the bottom of the veſſel, a white, ſharp, alcaline, fiery, fix'd 
falt, which being made red-hot with a vehement fire, may retain the hery 
brightneſs ſome time, but is by no means fit to feed fire, kindle a flame, 
w burn away; ſo that fix'd alcaline ſalts appear as incombuſtible as tones, 
c 


24. And if chat part of the aſhes, which remain'd at the bottom of the 
water after the ſeparation of this ſalt, be carefully dryed, and well preſerved 


from all admixture of other matter, it will be found a light, white, ſimple 


earth, unalterable by fire: whence the aſſayers make their teſts. of this mix d 
with fair water ; and if continued in the ſierceſt fire, for the longeſt time, 
it will keep red-hot, like other incombuſtible bodies, but never burn, flame, 
or turn — 2 of fire. 5 3 * 77 
25. We begin now to perceive hat part of «the vegetable that 
is, which in a common fire made of — matters, feeds duch fir and 
flame; and what thoſe are which remain ſo long in the burning fire: but while 
this proceeds, a thick fmoke ariſes from every part of the kindled fire, 
which at firſt is watery and thin, but grows every moment thicker and 
blacker, and moſt ſo, when the flame is ready to tart forth; which uſually 
happens with ſome crackling noiſe: upon this eruption of the flame the 
ſmoke inſtantly diminiſhes, and the more as the flame is quicker and brighter; 
ſo that when this is in its utmoſt brightneſs, the ſmoke ſeems to ceaſe en- 
*tirely, tho” ſome ſtill continues. Hence fmoke ſeems. only a confuſed maſs of 
different parts of the vegetable fewel, rapidly moved by the force of fire, 
and thereby carried upwards, and continually driven againſt each other, 
tho“ not yet kindled to a compleat ignition: but when, by the continuance 
and increaſe of this force, thoſe parts become agitated by a ſtronger fire ap- 
plied to them in the air, they grow red-hot, and thus of ſmoke commence 


flame; the parts of the ſmoke, by ſuch attenuation, appearing perfectly fiery. 


Hence alſo a , why flame playing over the whole burning ſurface, 
ſeems-to — the lower —— agitated by the fire, in mere flame with- 
out ſmoke; it being certain that all but the watery part of ſmoke may be 
wholly converted into flame. This was long ago diſcovered by an elegant 
experiment of the fire conſuming ſmoke, wherein the eye = ſees, that 
the black ſmoke raiſed by fire from vegetables, is itſelf a kind of coal, com 
buſtible in a ſtrong fire, or a violent flame; for the ſmoke here — 
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aſhes, or becomes ſo attenuated in its ſubſtance, . as to eſcape our ſenſes, and 
yaniſh into air. | 


26. The inventor of this le inſtrument was M. Dale ſine, an ingenious 4 fire made 
engineer of Paris, in the year 1686 'i). The ingenious Mr. Juſtel firſt exhi- „ *77 # 


bited the figure of it in the Philoſophical Tranſactions, about the ſame time. 
It may be conceived from what follows: ABCD is a cylinder, made of 
- hammer'd iron, hollow, and o at both ends, to whoſe lower baſe 
BD, is fitted on the infide a ſmall cylindrical kind of grate BD, which. 
ſerves fof the fire-place of the inſtrument, being ſo fitted to the cylin- 
drical tube EFG, as that the cavity of the one correſponds to that of the 
other; both are made of the ſame capacity, and of the ſame matter, and 
in the ſame manner; the tube ABCD, being o at G, and ſhut at E. 
If then the tube EFG be firſt well heated, live coals be laid on the 
* BD, and other combuſtible fewel on theſe, the flame produced here- 
y will deſcend into the tube EF, and proceed through FG, and all the 
heat iſſue at the orifice G; the ſmoke alſo produced thereby will all take 
the ſame courſe, and paſs through the tube EFG, through the middle of. 
the flame which fills the whole cavity thereof; by which means, being 
ated on by the fire through its whole progreſs, it loſes the groſſneſs and 
other p ies of ſmoke, and turns into flame; in form whereof it iſſues 
at G, and vaniſhes. without any apparent ſmoke or ſoot. M. De la Hire 
has added ſome notes and obſervations to the account of this machine (t). 


See Plate IV. 


27. And not to be wanting in my endeavours, I have contrived an engine gr, Plate IV: 


ſomething to the ſame purpoſe. ABCDEF is a veſſel made of five equal 
plates of hammer'd iron carefully ſolder'd together, only the 9 ik 
open at ABCD; at the depth of EI within the veſſel is a grate IKLM, and 
on the fide DF is an elliptic aperture NO, of the breadth of MK, and the 
height of EI, to which is laſtly fitted the tube OGH, open at ON and H, 
and every where of the fame width. If then we place burning coals on 
the grate LK, till the veſſel is hot, the air in the aperture of the tube NOGP,. 
will heat at the ſame time; and again laying coals againſt the part of the 
tube NP with the ſame view, no ſooner will the air under the grate and in 
the tube NOGP be heated, but the heat before found in the veſſel CK, 
over the grate, produced by the coals, will begin to diminiſh, and propor- 
acnably thereto the heat in LF under the grate, and in the tube NO 
Will be increaſed 3. whence it appears, that the pores of the fire and: 
e is driven downward, which produces a cold over the coals on the 
heart. The inſtrument being thus prepared, ſuppoſe a quantity of firaw- 
kid on the coals when kindled, the flame will fly rapidly downwards, dart- 
ing under the grate, and at length driving through the tube OGH, iſſue 
without ſmoke at H. where it produces an intenſe heat, at the ſame time 
that the ſpace CK is quite coll. | 
28. The like will be found, whien, inſtead of ſtraw we place wood,, 
turf, ſulphurs, os ails: and ſo powerfully, is the fire driven thro' ur 


(i) See the Four, dts Seay. of that year, p. 116. 
(4), See the place above cited In the Your 2 
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that it will grow red-hot, and the fire make a raging noiſe. It is further obſer. 
vable, that bodies, which in burning uſually yield either a very fetid or a fia. 
nt ſcent when laid on the fire, here yield not the leaſt ſmell at all, but con- 
ume away without the leaſt ſign thereof; only leaving the aſhes at the 
bottom of the veſſel under the grate, The other parts are all impell'q by 
the atmoſphere, gravitating on the a re of the fire-place, into the other 
deeper and narrower tube; ſo that all the fire and flame here is found in the 
ſpace LFOGH. EL 
29. Hence all the combuſtible parts of the fewel, turn'd by force of fire 
into the thickeſt ſmoke, are now driven into this pure flame, and not into 
the open air ; by which means the parts of the ſmoke are agitated with the 
utmoſt violence within the fire; whereby in ſo long a paſſage, and ſo fierce 
a fire, they become ſo attenuated, that all before combuſtible in them, which 
is capable of being attenuated, becomes utterly inſenſible, and diflipates with 
out leaving any marks of their peculiar natures. Smoke, then, appears to be 
a combuſtible matter violently agitated, but not yet brought to ſhine or 
ignite; and flame is the ſame matter at length perfectly ignited and divided 
into its ſmalleſt particles, | | 
30. This inflammability of ſmoke may be ſhewn by other experiments: 


for if the ſhavings of guaiacum be diſtill'd, with a vehement heat, in a retort, 


there will appear a thick ſmoke; and at the end of the operation, when 
only an attenuated and rarified oil riſes, if this ſmoke be made to tran- 


ſpire through crannies in the luting, and a candle be applied thereto : it will 


catch fire, not without ſome danger: and the ſame may hold of any part of 
an animal. Thus ſmoke appears near a-kin to flame, and the blacker it is 
ſo much the nearer, in regard it then becomes a true thin attenuated coal, 
extremely volatile, and eaſy to be kindled, as may appear from the pre- 
ceding hiſtory of coal: ſo that the oil in this ſmoke is the only pabulum 
it affords to fire, as will appear more clearly hereafter. 

31. Laftly, in the burning of a combuſtible matter, the ſmoke riſing on 
high, and ſticking on the ſides of the chimney, penetrates the ſame with 
a black unctuous moiſt ſubſtance, which gathers on the ſurface in form of a 


black fleece, or wool, very light, and eaſily ſwept off, called ſoot 3 which 


is itſelf a volatile coal, but of an unctuous kind, and, when dry, very in- 
flammable, It is extremely bitter, like other burnt oils ; fat, by reaſon of the 


" abundance of oil in it; and black, like all coals, on account of the burnt 
oil diffuſed over it. This matter, however ſimple it appear, when care- 


fully analyſed by a chemical diſtillation, yields firſt a great quantity of 
water, which, when collected by itſelf, extinguiſhes fire and flame; and 
the watery vapour itſelf exhaling in this firſt diſtillation does alſo readily put 
out fire; ſo that it can hardly be properly called a ſpirit : After this comes 
a quantity of a yellow inflammable oil, which affords a plentiful nutriment 
to fire and flame; the more ſubtile part of this oil, called by the name 
of ſpirit, is alſo inflammable : after this it affords a very volatile ſalt, then 


another leſs volatile, and at length a dryer one; from all which, if we 


carefully ſeparate the oil and ſpirit juſt mentioned, there will be . 
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flammable found; but a mere incombuſtible ſalt, as above intimated. The 
af thing in this analyſis will be coal; which has been already ſufficiently 


conſider d. EY 
2. Hence we ſee what ſoot is, and wherein its combuſtible part re- 


fides. If a my of this, gather'd freſh and dry from the chimney, be 


laid on the 


to their coſt : A chimney, under which great ſtore of combuſtible mat- 


ter has long been burning, and which for want of ſweeping is become 


thick lined with ſoot, is, upon making a larger fire than ordinary under 
it, apt to catch fire, which burſting out a-top, frequently occaſions great 
damage. f 


33. From the whole it appears, what the proper r of a Conclufon of 
OS, 


crude vegetable is; and that oil, in whatever form it exiſted, wh 
or thin like a ſpirit, is the only pabulum of fire. 


re, it will burn vehemently, and break into an open flame, 
almoſt as much as any other combuſtible matter, as men have often found 
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34. By what has been above ſaid, we find that there is nothing in crude Wine ne 


ing or ſuſtaining fire, —If we proceed to conſider thoſe vegetable matters, 
which are produced by a chemical fermentation, from plants diſpoſed to ad- 
mit ſuch fermentation, we ſhall find that called wine the capital one. This 
liquor, when duly refin'd, and brought to the pureſt ſtate, yet, if caſt on 
the fire, preſently extinguiſhes it; nor can ever be brought to burn, or made 
fit for the maintenance of flame : and if the wine thus examined, be again 


committed, in a pure glaſs-veſſel, to a moderate fire, the moſt volatile part of 


it will gently riſe in form of a ſmoke, which, upon applying a flame to it, 
will ſcarce burn, but rather puts the flame out. | 


35. But if this vapour be cooled and collected into a liquor, and heated Bur ſpirit of 
as before, it will afford a new fluid, which will mix with water, and alſo wine caſh. 


burn with fire, yielding a plentiful flame, and conſuming wholly therein: 
for the vegetable matter which remains of the wine, whether it be its 
feces, or what ſtays behind after the above-mention'd diftillation, if it be 
tried with fire, will yield much the ſame ſubſtances, as we have above 
ſhewn to be produced from a crude vegetable. From which inftance it 
appears, that fermentation produces a vegetable moiſture miſcible with wa - 


ter, and fit for the ſuſtenance of fire; which was not before found in the 
crude plant, 


36. We now to conſider vegetables, as treated in another man- Putrefied ve. 
ner. If crude vegetables, while full of their native juice, be laid in large getables taks 


hea , or ſtow'd in large wooden veſſels, and there kept cloſe and well 
prels'd, they will ſpontaneouſly conceive heat, emit watery fumes, a rank 
ſmell, and at length thick ſmoke, flame, and ſparks : whereas if the ſame 
vegetables, after gathering, be dried in the air, and then heaped up as 
tore, they will remain without alteration z but if in this ſtate they be 
gum well moiſten'd by pouring water on them, they will be diſpoſed, as 
fore, to gather heat and fire; and if after long continuing hot in*this 
manner, without any flame enſuing, they grow cool again, we ſhall 2 
| them 


vegetables, at the ſame time capable of diſſolving in water, and yet of feed- = by 
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them perfei eee and turn'd to # fetic pulp; which belng diſtilg 
will firſt yield a watry vapour, which puts at fs as; 2s if hy 
:remainder be tried and burnt 92 an open fire, it will yield much the fame 
as the former, either crude or fermented vegetables, produced by burning, 
37. Laftly; if vegetables, wlien perfectiy putreſied, be ſſowly diſtilbd, with 
a modera in a glaſs retort; till they are left almoſt dry, the firſt matter 
that riſes will be a fetid unctuous turbid water, containing a volatile alcaline 
ſalt diſſolved therein, procurable by art in its proper form; the unQuouſnek 
of the water being rather owing to this than to an admixture of true oil. For 
whether we caft this liquor into the fire; or ſeparate the compound fluid 
into a purer water, and its proper falt, and thus caſt both ſeparately into 
the fire, the event will be the ſame, and the fire be equally extinguiſhed in 
"i fat putrefied after ſeparating this firſt | be 
And certain 38. If the matter, after ting this firſt liquor, t almoſt d 
infiammable jn a retort, and the remainder be urged by x fleddgerthe; diere will firſt wil 
— a thin fluid unctuous matter, which ſwims in water, ſtinks, and feeds flame 
like oil, or ſpirit of wine. After this ſpirit or thin oil is thus ſeparated, 
if the fire: be raiſed ſtill further, a volatile alcaline ſalt and a thicker oil will 
ariſe. together, in conſiderable quantity; and as this oil is ſtill found in- 
flammable, ſo 8 ſtiff remains guerre Laſtly, if what remains 
after the preceding tions, be u or x long time, by a ſtill ſtr 
fire, it will yield another thicker, a Ae p oil, Ar þþ hich 1s found 
very-combuſtible': and at the ſame time with this, there will ariſe a thick v+- 
pour, which on the application of a burning candle readily catches fire in 
the open air. After all, if the fire be ſtill kept up in its higheſt degree, a 
: phoſphorus will be produced; and this out of a vegetable, though not in 
=_ ſo ſolid a form as that from the parts of animals; yet in other properties 
near a-kin'to it. After the phoſphorus nothing remains of the vegetable 
matter but a black coal at the bottom of the I, fach as that above de- 
— 7 z wherein a black inflammablc oil predominates, and no fix'd ſalt can 
be found. 
Cone; 39. From all which we may ſafely pronounce concerning the parts of 
— a} 4 * ln both of thofe which . on the ——— of fire, wil 
— in catch flame, and conſume therein, and withal continue or ſuſtain the fire in 
tm that place for ſome time; and of thoſe which by any art may be 
from them, capable of producing the ſame effect: ſo that among theſe parts 
water, native ſpirits, all Alte and earths of plants are diſpoſed to be heated by 
| fire; and conſequently would admit fire within them; and when admitted, 
retain and preſerve it a confiderable time, with the limitations above et 
rt and by their means the fire alſo, which they have conceived, my 
communicated at pleafure to other bodies: alſo the fed filts and 
earths of fuch vegetables are capable of being ignited by a ſtrong fire, 0 
of preſerving their redneſs for ſome time, but no one of theſe four pu 
is any way capable of being turn'd to flame, or confumed by it; 1 
is neceſſary to a pabulum of fire ; and the oils of plants, 
hey” be 


what kind ſoever t alſo their balfams, gums, and refins, _ 
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mo- reſins ariſing from a mixture hereof, are all five capable of being heated 

y fire, of retaining the fire a conſiderable time, of communicating it to o- 

thers, even without ignition or inflammation, but by a further fire they will 

melt, boil, and feed fire and flame; yet this their inflammation only reaches 

to that part of them which is oily 3 the other parts in them, being chiefly 
earthy, undergo the ſame as above-mention'd, 5 

40. Laſtly, vegetable ſpirits produced by fermentation, oil left in fer- 


mented bodies, or extracted therefrom, ſpirits alſo and oils produced by pu- 


treſaction, all of them conſider'd as pure ſpirits, or oils of ſuch kinds, are 
every where abſolutely inflammable: 
deniable experiments, that the oils of vegetables, of whatever kind they be, 
are the only matter in them capable, without the addition of any other parts, 
of being agitated by the fire, þ 

produced, preſerve it as long as the oily part laſts: and in the mean while they 
are ſenſibly conſum'd by this flame, till at length they diſappear, and the flame 
ceaſe at the ſame time. And tho' this oil exiſt in vegetables after very 
different manners, and may be chang'd by very different cauſes, yet while 
it remains oil, it ſtill continues inflammable, in the ſenſe above explain'd: 
and as fermentation and putrefaction attenuate this oil to ſuch a degree 
as to turn it into a ſubtile ſpirit, capable of mixing with water; yet ſuch 
ſpirits ſtill remain inflammable, and have the effects before ſpecify'd con- 
cerning true oils, as the pabulum of fire. And further, whenever all 
that part, which has the character of a true oil, is perfectly ſeparated 
from any vegetable compound, or the ſeveral parts thereof; what remains 
is not capable, by any art or means hitherto diſcover'd, of being brought 
into a condition to conceive or nouriſh flame: yet the watery ſpirituous 


faline and terreſtrial parts, while they contain thoſe oils, are — 


agitated and moved by the fire in kindling of the oil, and thus increaſe 
— force of the fire by their vehement agitation amongſt the fire, and 
uce a 
parts (n). Hence alſo thoſe parts thus agitated, communicate the fire with 
much 


become inflammable ; but even hinder or re- 
tard flame, in bodies that are inflammable. It 
may even be advanced, that theſe principles 
are of no uſe in the compoſition of inflamma- 
ble bodies, but to detain and arreſt the parti- 


(m) One great effect of — matter of light, 
among terreſtrial bodies is, accordin 
21 2 that being 5 — 4 
ong with certain compoſitions 
ſalt, earth, — water, it therewith forms 


om whence again it appears by un- 


o as to produce true flame; and when once 


t attrition in the flame itſelf, by the agitation of their 


oils, and in a word all inflammable mat- 
ters, which are only ſuch in virtue of the 
particles of fire they contain. What princi- 
pally inclines us to this opinion, is, that in 

analyſis pan ies are reduced into ſalt, 


= what pains ſoever the artiſt uſes not to 


* Mem. de P dead. an. 1513. 


cles of fire, which are the real and only mat- 


ter of flame; and which only riſes into the 


air under this form, when the inflammable 
body rig been expoſed to ſome external 
fire, has 


its cells or veſiculæ broken up, 


and the contained fire ſet at liberyy. It ap 
pears, therefore, to be the matter of flame 


that the artiſt loſes in decompounding inflam- 


mable bodies 
M. Homberg indeed contends, that ſulphur 
or oil is fire itſelf; or that there is no ſul- 
phur beſides . 5 the analyſis * 
. 5 
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much greater force to other bodies, and alſo defend the oils for ſome time, 
and prevent their being too quickly conſumed by the flame, and thus hin- 
der the fewel from being waſted too ſoon. 

41. From all which effects duly conſider'd, it appears, that the power of 
vegetable fire does not only depend on the mere elementary fire, and the oil 
kindled by it, but more eſpecially on thoſe other incombuſtible Sore agi- 
tated, with great vehemence, within the 2 of activity of the fire, 
Hence elementary fire acting on the pureſt of all combuſtibles, viz. highly 
rectify d ſpirit of wine, does not produce ſuch violent effects, nor ſo in- 
tenſe a heat, as when it acts on heavy pit-coal, the greateſt part of which 
is. unirflammable. So the unctuous wood of the pine-tree affords a ſtronger 
fire, than the pureſt oil when carefully purged of all uninflammable matter; and 
hence alſo this paradox, that inflammable matter alone, with pure fire alone, 
often affords a leſs fire, than inflammable mixed with uninflammable matter, 
For this end the author of things has no where created any pure inflammable 
body; but has every where hid it within the veins of other incombuſtible 
bodies, that it might hereby produce the ſtronger effects. This being a 
matter of great importance, will require to be thoroughly underſtood, Sup- 
poſe then an unctuous wood laid on an open fire, the mere mixture of 
its oil with the fire will produce a flame, which playing over the ſurface 
of the wood, kindles, conſumes, and converts into new flame all the oily 
part it can touch; by which means the firſt flame is not only kept 
alive, but continually increaſed; ſo long as this oil meets the active 
force of the flame: in the mean while, the falt and earth ſtill cloſely cohere 
with the oil to be burnt, and become divided into minute parts by the n- 
pidity of | the kindled oil, and are agitated in the oil more than the parts of 
the oil itſelf ; thus undergoing a prodigious attrition, the quickeſt of any 
we can well conceive z which violent attrition of thoſe hard parts ſo ſtrongly 
compreſsd by the atmoſphere, draws the fire to thoſe places, and thus ren- 


ders it much hotter and more copious than before: which increaſe of fire, in its 


turn, ſtill further agitates the oil; ſo that from the whole *tis eaſy to conceive 
the force of a fire thus kindled. While this paſſes, the ſolid body of the wood 
laid on the fire grows hot through its whole ſubſtance, and by degrees rari- 
fies, diſpels the Fitic parts with great vehemence, and pours out its melted 
oil, and by ſuch ſucceſſive action continues the fire. Laſtly, if it be conſi- 


der'd that pure oil alone burns in the fire, it will follow, that the oily tena- 
| crous 


t number of o- 


ſays, that author, their whole ſubſtance be- | ſult, he aſſures us, of a grea 


comes reduced into a deal of aqueous matter, 
ſome infipid earth, and a little ſalt, 
volatile and ly fixed ; the real princip 
ſulphur, which connected theſe ſeveral ingre- 
dients together, to make an oil, being loſt 
in the operation. The fame befalls the ſal- 
Thur, in all bodies whatever, that undergo a 
rigorous analyſis ; ſo that we have no ve 
way of arriving at the knowledge of its na- 
ture by the decompounding of mixt bodies: 
hence he was led to examme it, by making 
artificial mixts or compoſitions, And the re- 


perations of this kind, gave him plain indi- 
cations, that tis fire is the principle ſulphur, 
and that this is the only active matter in 
bodies. : _ —— 
To ſupport this opinion, he endeavo! 
ſhew that fire, or 2 matter of light, is :l- 
ways in motion and action; and that this 
matter may be introduced into the other prin- 
ciples, change their figure and augment their 
weight and bulk, and connect them together 
ſo as to produce all the mixts which fal under 
our obſervation. Mem. de Þ Arad. anc 1705 
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cious ſoft parts thereof are ſwiftly agitated every way by the particles of 
fire, but do not produce fo much attrition, nor of conſequence ſo ſtrong a 
fire : indeed they burn quicker, but then their flame is more ſhort-lived, 
and does not act ſo fiercely. | | 
42. Having ſaid thus much concerning vegetable ſewel, it remains to con- 
fider the action of nature; while this matter being committed to the fire 
feeds the flame, | 
43. I have been at great pains with this view; and in the courſe of Hen the 
my enquiry find firſt, that all thoſe parts of vegetables, which are capable /azporred 5y 
by fire of making a true flame, are eaſily miſcible among each other, when- # pabu/um. 
ever they are pure, ſimple, and infl-mmable. Thus alcohol, which is the 
only known body perfectly inflammable, however prepared, provided it be 
pure, may be intimately mixed with any other alcokol prepared in any other 
manner, without the leaſt alteration ' thence ariſing. So alſo all pure oils, 
when rightly purged of other parts, will mix thoroughly with each other, 
as appears from all inſtances z though there are ſome ous prepared from ſemi- 
foffil matters, as amber, and the like, which by a long diſtillation yield a 
ſort of oils which lie in ſeparate ſtrata over each other, without mixing to- 
her; but then it is to be obſerved, that theſe ponderous ous, forced over 
y the ultimate force of fire, contain much of the maſs of the body itſelf, li- 
quified and mixed with them. Beſides, we are here only ſpeaking of vege- 
table oils, with regard to which it may be faid univerſally, that they are all of 
ſuch a nature, as to be eaſily miſcible into a liquid concrete, uniformly fimi- 
lar. Again, all the pureſt oils, and alcohol itſelf, may be ſo accurately 
mix'd together, as to form one homogeneous fluid, in which even the beſt 
microſcope ſhall not diſcern the leaſt diverſity of parts; which however is 
to be underſtood with this reſtriction, that there be not the ſmalleſt drop of 
water in ſuch oil or alcohol, otherwiſe ſo intimate a mixture will not be made. 
So alſo camphor, which may be reckon'd among the vegetable ſolids, burns 
wholly away, diſſolves and mixes intimately, net only in alcohol, but in 
any pure oil: and the like holds of other perfectly inflammable vegetables, 
which mix in oils or alcohol the more thoroughly, as they are more entirely | 
flammable: the ſame holds of reſins, balſams, and gummy-reſins, which, 
When mixed under the conditions above ſpecifyd, may be liquify'd { 
even by a ſmall degree of heat, or even run ſpontaneouſly. | Thos, how | 
eaſily does camphor melt, as alſo balſams, colophonies, and roſins? Lis 
certain many of theſe inflammable bodies are incapable of being frozen by | 
any degree of cold hitherto known; as appears in linſeed oil, and others, | | 
Nor muſt it be omitted, that all theſe perfectly inflammable bodies, whe- | 
ther they be pure, or mixed together, contain certain viſcid parts which 1 
Produce a briſk cohefion, and make a conſiderable reſiſtance to their ſepara- 
ton. Thus if we conſider alcohol, the moſt ſubtile of all known fluids, we 
find, the parts even of this run into a kind of veins or ſpires, which have 
an apparent lentor or coheſion. So in mixing pure alcohol with water, we 
— then find the parts of the alcohol tending to cohere, and ſhooting like 
itle eels between the water: ſo if an oil be diluted with alechol, the like 


Ariæ are found, which is a proof of their coheſion. Add, that all the oils, 
Sſ 2 5. which 
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which are held inflammable, burn ſo much the quicker, the more perfectly, 
produce leſs ſmoke, and leave fewer aſhes, the leſs thickneſs they have, and 


the nearer they approach to the tenuity and ſubtilty of alcohol: but at 


the ſame time the flame will be ſo much the weaker, as theſe oils are the 


thinner. 
44. Having ſaid thus much concerning the nature of the pabulum of fire, 


we progecd to ſhew the manner wherein fire acts on this pabulum, and the 


ion of the pabulum itſelf on fire: and to this purpoſe we ſhall exhibit 


ſome further experiments. 


Flame and 


; _ 


EXPERIMENT I. 


- 45. Putting ſome pure cold alcohol, which is the moſt inflammable of all 
known fluids, in a clean cylindrical braſs veſſel, and then plunging flaming 
d 


brimſtone-match therein, one would expect that the alcohol ſhould thence 
catch flame, inſtead of which the match itſelf is immediately extinguiſh'd, as 
entirely as if it had been plung'd in cold water. But what is fell more ex- 


traordinary, if we take a live burning ſparkling coal out of the fire, and 


immerge it expeditiouſly in the alcohol, this likewiſe will be extinguiſh'd as 


readily as if it had been thrown into water. But if the former ſulphur- match 


be of ſufficient length for the tip of it to enter below the ſurface of the fluid, 
and yet fome of the fiery ſtill remain above it, the alcohol will then 


catch fire, and the flame will preſently ſpread over the whole ſurface. 


COROLLARY TI. 


46. Hence itappears, that the moſt inflammable of all bodies can only catch 
fire on its outermoſt ſurface contiguous to the air; and that fire, if immerged 
in the body of the inflammable matter, ſo as to leave no lighted part above 
ſuch ſurface in the air, is ſo far from kindling the inflammable body, that 
itſelf becomes extinguiſhed. ; 


COROLLARY II. 


47. It is falſe, therefore, that fire can eaſily kindle even thoſe bodies which 
are moſt inflammable. | | 


EXPERIMENT II. 


2 ee, 48. Filling the ſame veſſel again with pure alcohol, and heating the fam? 
—4 E to ſuch degree as to make it ſmoke, approach a lighted candle to the fumes 


ariſing from the hot alcohol, the reſult will be, that the flame of the candle 
no ſooner comes in contact with thoſe fumes, than they catch fire, which 
ſoon ſpreads over the whole ſurface of the liquor; but ſtill the flame thus 
conceived confines itſelf ſtrictly to the ſuperficial parts, as a limit beyond 


which it cannot paſs; nor can it, by any art, be brought to turn any of 57 
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alcohol below the ſurface into flame; but the bulk of the alcohol till re- 
mains entire, tranſparent, unignited, under the flaming ſurface ; nor is at all 
conſumed, except ſo far as ſome of the ſpirituous parts {: ted from the 
ret, and carried upwards by the heat, arrive at the ſurface of the alcohol con- 
iguous to the air, where they are preſently kindled. In effect, tis impoſ- 
fible to ſet any on fire except ſuch as have riſen ſo as to float in the air, as 
may be fully ſhewn, For if cold alcohol be kindled flowly on its ſurface by 
the application of a ſulphureous body, after the manner above indicated, vig. 
ſo as that part of the lighted body remain above the ſurface of the alcohol, 
while the reſt is plunged into the body of it; only a ſmall weak flame will 
be excited thereby : But when the alcohol is firſt heated, and emits its ſpirt- 
tuous parts into the air through the ſurface, the flame it then catches 1s 
greater and more violent; as more parts, being thus emitted into the air, are 
er of being turn'd to flame. Thus in the preſent veſſel, the ſame al- 

ol ſtill yields a more copious flame, the more it is heated thro? its whole 
ſubſtance z and conſequently, when heated: ſo as to boil, it will yield the 
ſtrongeſt flame of all. So ifa veſſel full of boiling alcohol exhale its ſpiri- 
tuous parts into the air, and thoſe be confined within ſome narrow ſphere, 
and a perſon approach ſuch ſphere with a lighted candle; the whole place 
will inſtantly catch a live flame, and ſhine with a weak momentary light, 
which preſently tends to the ſurface of the veſſel ; and as ſoon as arrived at 

ſame, covers it, and prone any more ſpirits being emitted into the 
open air, forcing it all to be acted on and changed by the incumbent flame, 
which becomes a while ſupported thereby, but changes it into a matter which: 
is no longer alcohol. Again, this flame perſiſts in the veſſel ſo long as the 
leaſt drop of alcohol is left in it, and then goes out; whence it appears, that 
the whole alcohol cannot poſſibly be conſumed by the flame in one inſtant, 
but only the ſuperficial part of it, which was contiguous to the air; conſe- 
quently the wider ſuch furface, the ſooner will the conſumption be effected: 
on which principle this conſumption may be accelerated and increaſed at 
pleaſure : ſo that we have two known ways of accelerating the flame of al- 
cohol, and conſequently its conſumption, viz. by heating it with fire, and: 


ſpreading it into a larger ſurface. Add, that alcohol thus wholly conſumed 


y burning, leaves no fæces behind it; and, if pure, will not ſo much 
as ſtain the place where fired; nor does the eye perceive any ſmoke on 
the ſurface of its flame; and if a clean white paper be laid over the flame, 
it will eontract no filth or ſoot, but only a clean moiſtuie ; tho? the ſenſe of 
ſmelling is a little affected with the fragrancy of the alcohol, This flame of. 
kind! alcohol, when in a ſtill air, riſe into a conical figure, in regard the 

e being the greateſt towards the centre, heaves up the incumbent air 
ſtrongeſt there ; and the fire being leſs confined towards the circumference of 
its baſe, becomes weaker of courſe, and leſs able to lift up the air The flame 


appears blue to the eye; though, when carefully. obſerved, .we find it of va · 
rious colours; the baſis being always blue, and the vertex.double, the inner 

ways appears yellow, and the outer blue. What is moſt wonderful in 
this experiment is, that if we caſt a live coal into this alcohol thus burning. 
dis unmediately extinguiſh'd, nor can retain its fire in or under the aicohol, - 
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the cauſe of which muſt be, that a live coal requires a much greater degree 
of fire than that in the boiling alcohol to keep it burning, whilſt the al. 
cohol will not admit of any greater degree of heat than is communicateq 
to it by boiling. Thus the hotter coal, when in the alcohol, which is 
colder, loſes the higher degree of heat which was required to keep it in 
a ſtate of ignition, and therefore extinguiſhes or declines to about 180 de. 

es of heat, about which it was that the alcohol began to boil ; but which 
ig too weak to kindle any combuſtible matter, that is, to produce a ſhining 
fire in its oil: and fince the coal being wholly immerſed in the alcohol is 
thus excluded from any commerce with the external air; hence neither can 
this kindle the alcohol, but only by its firſt acceſs occafion a greater motion, 
and make it diſplode more of its ſpirits upwards ; and thus, as we have 
already mentioned, make an increaſe of flame at the time. But if the 
coal were ſo laid on the burning alcohol, as that ſome of its ignited part 
ſhould remain above the ſurface of the alcohol, it would then burn ftrongly 


with the alcohol itſelf. £ : 


EXPERIMENT III. 


49. I have long thought about a method of finding, by experiment, the 
manner wherein fire acts on its pabulum; and at length have hit on the fol- 
lowing one. Having a cylindrical braſs veſſel full of pure heated alcohol, 
I ſet it on fire, and placing the veſſel, while on flame, upon a table, in a 
ſtill place, put a large glaſs veſſel over it, _ a receiver of the figure of 
a cucurbit, whoſe bottom is carefully cut out, ſo that it becomes a true bel; 
the upper part, where it is narroweſt, being 1 * ſo as to admit the little 
finger, while the lower, which is ten inches in diameter, is open throughout. 
This clear tranſparent bell being thus placed over the burning alcohol, 
we plainly ſee all the phznomena related of the burning alcohol in the former 
experiment. | 

£0. Firſt then, it is obſervable, that the whole ſurface of the bell becomes 
darken'd by means of the flame burning within, ſo long as the bell remains 
cold ; but after this begins to heat by the flame, it begins at the fame 
time to turn tranſparent again, and, when quite hot, is perfectly fo. It 
now we view the whole ſpace within the bell, there appears not the leaſt ſign 
of any. viſible fumes, but the air remains intirely clear through the whole 
bell ; and the veſſel of alcohol being cylindrical, the flame, fo far as we can 
obſerve, continues equable from beginning to end: at length we find Irie 
form'd within, at the bottom of the bell, as uſually happens in ſpirits, in the 
action of diftillation, 

51. Yet theſe are not the true ſpirits of alcohol, fince we find their 
taſte utterly watery ; but to be better convinced of this, we need only app!y 
a lighted candle to the thin fume which aſcends through the upper or 


if this were the vapour of alcohol, it would immediately catch fire; in 


of which, it here extinguiſhes the flame-of the candle, much the fame as the 
vapour of water would do. If this candle, lighted as before, be put , = 
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the glaſs veſſel, and held ſome time in the ſpace filled with the vapour of 
the lighted alcohol, it ſtill remains ignited, and burns till it be conſumed z 
dut does not in the leaſt kindle the vapour of the alcohol, which, if it had 
retain'd its former nature after paſſing thro? the fire, it neceſſarily would have 
done. It appears, then, that the moſt inflammable matter of all bodies, 
when turn'd anto flame by fire, and comm while it truly feeds ſuch 
fre, is changed into another matter, whic 
any longer to feed the fire, but turns, ſo far as we can Jadge, into a kind of 
water. And here it may be aſked, did this water exiſt before in the alcohol, 
and was it only ſeparable by theſe means? Or does fire, by burning. the al- 
cohol, convert it, by an intrinſic change, into pure water? Or did the air ſup- 
ply this water during the time of conflagration ? Others may try further ex- 
periments. The beſt alcohol for theſe purpoſes, is that which has been gently 
ditilld in a tall veſſel, with a quantity of dried fixed 'alcaline ſalt of tartar, 
by means whereof its watery part is ſo thoroughly abſorbed, that it is impoſ- 
ſible by any further art to procure the leaſt drop more. With ſuch were 
my experiments made; as being ſenſible of the cloſe union between water 
and pure ſpirit of wine, which is not otherwiſe eaſy to be diſſolved, The 
ingenious M. Geoffroy, the younger, has ſince given ſome curious and exact 
obſervations on this head, tho* with a different view (x). My chief curioſity 
was to learn what change it is that inflammable matter naturally undergoes, 
when being committed to the fire it turns to a pure flame; and at the ſame 
time what alteration happens to the fire, while this combuſtible matter turns 
with it into flame; being of opinion that if this were once diſcover d, the 
way would be prepared for a thorough inſight into the natare of fire, Ac- 
cordingly, I provided a matter, which being burnt in the cylindrical veſſel, 
and thus forced to paſs wholly through the flame, which cover'd the entire 
ſurface of the fluid, ſerved to nouriſh the flame, and was wholly converted 
into it, without either ſmoke, ſoot, or faces. This I found catch'd fire in 
the air, without which there is no flame, and turn'd into flame itſelf, which 
afterwards afforded. a liquid vapour, that at laſt reſolved into water, or at 
leaſt generated water ; and having gone thus far, I could proceed no further: 
though, had I leiſure equal to my inclinations, I ſhould endeavour by theſe 
gals bells to procure a large quantity of this water, having found that much 
the greateſt part iſſues out at the upper orifice z ſo that if a ſimilar bell was 
ſuſpended over this, the vapour, after its exit, might be caught again, and 
condenſed into a ſenſible liqu:r : over this alſo a third might be placed, and 
y ſuch means the whole vapour be caught. A very cold ſeaſon would 
fitteſt for this proceſs, that as the vapour ariſes it might be preſently 
condenſed by the farce of cold, and ſfeeze as it were on the ſurface of the 
upper bells. The drieſt weather alſo, and a dry ſtill place would be moſt 
favourable to the experiments. By ſuch means I do not doubt but a diſ- 
covery might be made of the greateſt importance both in phyſics and che- 
miſtry. We find M. Geoffroy infers from his experiment, that pure alcohol 
this burning will yield above + its quantity of water; and that his experi- 
ment ſucceeded thus, is beyond queſtion : but that excellent chemiſt net . 


(#) Se the Memoirs of the Royal Academy for the year 4718. 
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be ignorant how cloſely a large quantity of water will lie hid in air; how 
ſabtilly this will ſlide out of the air into ſaline and dry ſpirituous bodies, and 
mixing unperceived therewith, lead the obſervers into errors. *Tis certain 
the dryeſt ſulphur, when kindled, exhales into the air in a blue flame, and will 
yield, when collected, a very ſharp acid liquor, which, if the operation be 
perform'd in a. dry ſeaſon, will indeed be in very ſmall quantity, but ſo 
much the ſtronger ; whereas in moiſt cloudy weather, the liquor collected 
from ſulphur, kindled under the bell, is more copious, but at the ſame time 
very watery. The ſame ſulphur, in a clean veſſel, by means of a gentle fire,will 
yield a great quantity of inſipid water; and what remains will till afford a 
ſmall quantity of a thicker and more acid fluid ; which being expoſed in a 
wide veſſel to the open air, the water of the atmoſphere preſently unites 
itſelf with the acid, increafing its bulk and weight, but at the ſame time 
And an inſex- weakening its ſtrength, and adulterating its purity ; and it is not improba- 
File part. ble, that the ſame er to ſpirits in deflagration. Theſe things put me 
in mind of the ancient alchemiſts, who call the motive or preſiding ſpirit, 
the ſon of the ſun, the iſſue of fire, and the internal fire of things. Proba- 
bly all that is purely inflammable in bodies is only the ſpirit, or the ſmalleſt 
part of ſuch matter, diſtributed through a large quantity of water intimate'y 
united with it, and diſpoſed, on its contact with fire, to turn into flame; 
and in vain may we endeavour ſtill further to purſue this ſubtile fugitive 
principle. Ion myſelf tired in the purſuit, having deſired nothing more 
ſollicitouſly for a long time, than to underſtand the true nature of this in- 


flammable principle in alcohol; as knowing this to be the true perfect inflam- 


mable body; and as knowing by experiments, that other bodies only be- 
come inflammable, as they contain ſome proportion of this alcohol, or at 
leaſt of ſomething exceeding like it in point of tenuity z ſince the other 
groſſer parts remaining after the ſeparation of this ſubtile one are no longer 
inflammable ; ſo that I promiſed myſelf, if I could once diſcover this in 
alcohol, it would be eaſy to find the manner wherein fire is maintain'd by 
fewel in all other combuſtible bodies. But how great was my diſappoint- 
ment upon finding that alcohol, by paſſing through the fire, becomes a va. 
pour, which no longer retains the nature of alcohol, nor ſeems to be any 
thing more than water, This ſhews us ſome fix'd limits of ſcience. 
' The pabulum of fire, when conſumed by it, leaves water; and itſelf be- 
comes ſo light, as to diſſipate into the chaos of air, and thus eludes all fur- 
ther purſuit, 


EXPERIMENT IV. 


 Inflantaneuw 52. My ſentiment concerning the pabulum of fire is further confirm'd b 
produion of the following experiment. Put a pure live coal without ſmoke, in a pet 
2 "oy _ fectly dry earthen and over this lay a braſs diſh well clean d, being about 
Fg IV. an inch deep, its m orbicular, and about five inches in diameter; into 

this pour pure alcohol to the height of about half an inch, and place 


the 


glaſs bell over all; you will here have an opportunity of ſeeing how 55 
3 vw 


= -& „ mos A. 
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fire in the pan will make the alcohol boil pretty ſtrongly, yet without catch- 
ing fire, or emitting any viſible fume into the cavity of the bell; and even 
though it evaporate from ſo large a ſurface, yet no viſible fumes iſſue at the 
upper orifice of the bell; in the mean while, on the ſides of the bell, eſpe- 
cially towards the lower parts thereof, we ſhall find a kind of ſtreaks or ftrie 
of the ſpirits running on the glaſs. If, after a conſiderable part of the al- 
cohol is waſted in boiling, and exhaled out of the braſs diſh, we apply a 
lighted candle to the upper orifice, the flame will flutter over the ſame, and 
not give fire to the fumes within the bell, but rather be 2 there- 
by : from whence it may ſeem to follow, that as the alcohol thus diffuſed 
through the bell does not take fire, the preceding experiment is no proof 
that alcohol, when burnt, may not have loſt its inflammability, yet ſtill re- 
main alcohol, fince the ſame is here loſt by mere ebullition and exhalation, 
without being kindled. But by attending further to the ſequel of the experi- 
ment this difficulty will be removed. Taking then the lighted candle for 
ſafety's fake in tongs, and applying it cautiouſly, in a horizontal line, 
along the table, under the lower edge of the glaſs bell, it no ſooner comes 
in contact with the fumes diſperſed over all the cavity, than the whole im- 
mediately catches fire, and diſplodes like a clap of thunder; whilſt the flame 
ruſhes forcibly out from under the edges of the bell. The reaſon is, that the 
cavity of the bell being before full of minutely divided alcohol, and this all 
kindling at once, the veſſel cannot contain ſo great a flame, but muſt diſ- 
charge the greateſt part of it into the open air beneath the bell; which muſt 
be left a lids open at bottom, or there will be danger of its being all blown 
up or burſt in pieces, unleſs there be ſpace enough at the bottom for the flame 
to vent itſelf, The foregoing cautions muſt be well in repeating the 
experiment, otherwiſe the face, hair, and hands of the operator would run 
great danger of being ſcorched. | | | | 

53. At the moment the flame is thus produced under the bell, the whole ence boil- 
ſurface of the boiling alcohol in the bras diſh catches fire, which did not ing a/cobel 
kindle before, though, by the briſk fire under it, it boil'd ſtrongly; by which #*: 
ap that alcohol will not eaſily kindle without the application of a 
live 3 but the flame once catch'd by the alcohol, continues burning 
under the bell, till it be all conſumed, and the diſh left quite dry, when the 
flame ceaſes. 

54. What is moſt curious in this experiment is, that the flame excited by the 4:4 whence 
candle, placed at ſome diſtance from the diſh wherein the alcohol was boil- the Hane ar- 
ng, ſhould diffuſe itſelf ſo copiouſly through the cavity of the bell, as to tingui/hed. 
kindle the alcohol in the dick; and that in the moment when the alcohol 
* thus kindled, all the flame in the bell ceaſed, while that on the ſur- 

e of the burning alcohol continued to the end, till the whole ſubſtance 
of the alcohol was conſumed z nor did any the like flame appear again under 
2 bell during the whole courſe thereof. Hence it appears, that pure al- 
= though red by a vehement fire, provided it be not ſet on flame, 

| diffuſe itſelf through vaſt ſpaces, and remain unchang'd therein with- 
= loſs of its inflammability ; ſo that by the application of a live flame there- 

will inſtantly catch fire, and burn vehemently. Let this fame alcohol, 


1 upon 
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Plane extin- 56. A lighted candle being immerged in cold and pure oil of turpentis 
guifh'd by oil. ig extingui d thereby, as if it had been plunged in water, as was above 


Flame in 
erea/ed by oil. and ſetting it on the fire till it boil, if while under ebullition, we bet 
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being forced to paſs out of its veſſel th the flame i 
m ſurface, and thus becoming a nutriment to the fire, and thence dif. 


fufing itſelf through the cavity of the bell, has loſt all its diſpoſition to catch 
fire ; ſo that tho* now its matter be much more attenuated by the fire than be- 
fore, it will no longer catch flame from the fire on the ſurface of the alcohol, 
5. This phænomenon deſerves mature conſideration'; for it does not 
ſeem probable, that fire could in a moment's time have expell'd all the al. 
cohol it had burnt, out of the whole cavity of a large bell; but if, as is 
moſt likely, the matter of the alcohol arifing from the flame, and floating 
in the bell, had continued inflammahle as before, it muſt neceſſarily have 
catch'd fire from the ſame flame. What ſhall we fay then, when the only 
inflammable matter known to us in all nature, after having once been 
Eindled, loſes all its inflammability; does it not follow hence, that ſo much 
of the pabulum, or alimentary matter, of fire is deftroyedand loſt in the univerſe, 
us is the quantity of flame exhauſted daily? and muſt not this at length fail, 
unleſs it can ſome way be regenerated ? Is not the pabulum of fire in the earth 
continually recruited by the courſe of nature's operations, particularly thoſe 
which generate oil and ſpirits; as vegetation, fermentation, action, and 
diſtillation ? And yet all theſe operations, in nature as well as art, are per- 
formed by the mere power of fire; ſo that the fame fire which deftroys com. 
buſtible matters does alſo reproduce it in the univerſe, Or ſhall we rather 
adhere to that other doctrine above propoſed, wiz. that matter perſect 
combuſtible by fire confifts of a een. 
b e e e 7 ich is like fire, — no other 
than fire itſelf united therewith ; and that in burning, this fire being ſeparated 
from the water, is left entirely at liberty, and ps may thus conſtitute 
the element of fire ? In this caſe fire itfelf will be the laſt inſtammable part, 
and conſequently, when ſepar m all other adhering bodies, muſt vai 


EXPERIMENT. v. 


ſpecify'd in alcohol. Likewiſe if a live coal be thrown into the ſame 
oil of turpentine, it is immediately extinguiſhed without raifing any app 
rance of a flame: whence again, moſt what has been ſaid concerning & 
eohol may alſo be underſtood of this oil. . 


EXPERIMENT VL 
67. Putting ſore pure diRill'd oil of turpentine in a bras c) n 
a lighted candle to its vapour, it will at length catch. fire, though net 


tradily as akohol; by degrees alſo. it emits a black {moke, up” ® 
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appearance whereof, it burns violently : it leaves ſcarce any feces at bot- 
tom, but conſumes almoſt wholly, and by how much the purer and more 
limpid this oil is, the leſs of the black ſmoke it yields, and the more quietly 
it lames z and by repeating its diſtillation it grows ſtill purer, leaving ſome 
ſeces every time, and thus approaches ſtil} nearer to alcohol, both in re- 
ſpect of levity, limpidity, purity, and flame: but however near it ap- 
proach to alcohol, it never becomes alcohol, as being incapable ſtil} of mix · 
ing with water. | 


EXPERIMENT vn. 


59. Expoſe the ſame oil of turpentine in a braſs veſſel to the fire till it The fame of 
boil, then kindling it, lay it on an earthen foot under the glaſs bell, it will ri i 
continue to burn as in the ing ſixth iment; but it wil yield a * 
thick black ſmoke through the upper orifice of the bell, and even fill the 

whole ſpace of the bell and the fides of it with a fuliginous vapour, and a 

| watery moiſture, which, hanging to the veſſel, diſtils a watery liquor, ſo that 

one would conclude, that water were here produced from burnt oil; or at 

leaſt from ſomething which the-air contributes thereto Hence it ap 

that oils neareſt a- kin to alcohol, when urged by flame, and forced to paſs 
| through the ſame, emit ſome parts ſtill inflammable, and not thoroughly 
burnt, but retaining the characters of a coal; which widng eut-of the aw 
|; in form of a fuliginous ſmoke, and proceeding till they have ſpent their 
| firſt motion, adhere to the ſides of the chimney, or the like. The fame 
alſo appears from the fetid ſmell diffuſed: by burning oils ; but they ſeem too 


SER — — —_— * * 


thick and tenacious to be ſo ſuddenly deſtroyed, or reduced to the extreme 3 
tenuity of alcohol, by the action of a ſwift tranſient flame : and when the [| 
ſame oils, in common lamps, burn flowly away with a wieck, ſurrounded # 
on all ſides with air, they yield a much greater quantity of ſoot ; as 2 

pears by holding a clean over the flame, which will preſently 

covered over with blackneſs: but when lighted in our preſent cylindrical = 
veſſe], the whole ſurface of the oil being here cov with flame, and | 


conſequently all the particles of the oil to be burnt undergoing the agita- 
e tion of that flame, they become much more attenuated and altered than is ; 
uſually found in lamps, where from every point of the ſurface of the 


| flame there is a free paſſage for the oily particles to eſcape into the air, 
q even while many of them have undergone but half their change : from 
all which it appears ble, that could we by any art render oils as 
thin and ſubtile as alcohol, they would produce a flame without ſmoke, and 
fire without ſoot. 1 | . 
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EXPERIMENT VII. 


- 59, Mixin al quantities of fair water and pure alcohol in a clean braſ 
eylidrical veſſels. ſo > wo after ſhaking them — they form'd one ho- 
m liquid; then heating this mixture, and ſetting fire to it under the 
glais bell as before, we find a much weaker fire produced than in the firſt 
experiment; nor is the bright glittering colour of this flame comparable to 
that of mere alcohol, This flame growing very weak long before extinc. 
tion, at laſt leaves behind it in the bottom of the veſſel, a quantity of water, 
with a very ſmall remainder of the alcohol in it; as appears by the taſte. 
Hence we learn that alcohol, when mix'd with water, may be again ſepa- 
rated therefrom by means of fire, and be conſum'd by the fire, while the 
water isrepell'd both by the fire and the alcohol. 


** EXPERIMENT 1X. 


The flames of Go, Taking a quantity-of pure alcohol, wherein the beſt camphire wi 


alcohol and 
camphire. 


diſſolved, and kindling it under the circumſtances. above deſcribed, and 
placing it when on fire under the glaſs bell; at firſt they burn as if there were 
nothing but pure alcohol, all the phænomena whereof they exhibit. In 
reality, it is the pure alcohol alone that is. firſt conſumed ; the camphire, 
which gathers to the bottom of the veſſel, not coming yet in play: but 


when once the alcohol is conſumed, we find a new flame, very different 


from the former, ariſe, being both ſtronger, brighter, whiter, and more 


Aarting; at the ſame time a black ſmoke alſo eeds from the flame, 
and the ſmell and taſte of camphire / ſpreads plentifully, not only over 
the veſſel, but through the whole place. And thus the flame continues 
to the end, leaving no faces behind it; from which we learn, that if 


inflammable matters of different natures be mixed into one compound, they 


Produced; fince we find in all bodies, that the fire of any kindled on 1s 
— | 


do not burn at the ſame time together, but the more ſubtile part con- 


ſames firſt, and the remaining groſſer part, after having defended itſelf ſo 


long, the former being quite diſſipated, begins to burn in its turn. By this 


it ſhould ſeem, that among combuſtible bodies, the. lighteſt always burns the 


ſooneſt and eaſieſt; as alſo that the flame of kindled alcohol alone is too weak 
to ſet oil on fire: whence it is, that as ſoon as the oil, or in this inſtance the 


camphire, begins to burn, the fire becomes much fiercer-than before. Again, 


hence we infer, that fire in the burning, as well as diſtilling of bodies, di 
- vides viſible inflammable matters, combin'd in the ſame cambuſtible, . accor- 
ding to their different degrees of ſubtilty or thickneſs ; ſo that firſt ſpit 


then a thinner oil, then a ſomewhat thicker oil, and laſtly a very groß, 
pitchy, tenacious. oil riſes. in flame. Hence alſo it is that charcoal, which 


conſiſts of this laſt groſſeſt oil ſpread over earth and ſalt, affords a much 


ſtronger fire, than the wood of which it is prepared could of itſelf ever hae 
J 


— 
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conſtantly the ſtronger, in proportion as ſuch burnt oil is heavier and thicker: 
which alſo obtains in the burnt alcohol and camphire; and of which we ſhall 
have further confirmation in the ſequel of theſe experiments; where it will 
appear, that the fire is always the hotteſt, when it comes to conſume the 
inflammable part of the fewel. Upon the whole, therefore, we are not to 
look on the kindling of combuſtible matters by fire, as an action which 
mixes all inflammable materials, and burns them together, but ſeparately 
and ſucceſſively. 


EXPERIMENT X. 


61. We proceed now to a like examination of alcohol intimately mixed Oi and al. 


with a diſtilled oil, viz. thin oil of turpentine ; ſo that the two appear to 
form one homogeneous fluid. Kindling ſome of this mixture in the ſame 
cylindrical veſſel under the bell, as before, the firſt thing that appears is a 
ſtrong, equable, lucid, cloven flame, which, ſo far as we can find, pro- 
duces no ap ce of ſmoke, nor generates or depoſites any ſoot, and yet 
blackens a clean paper held over the orifice of the bell; which ſhews, that 
even in ſo pure and ſimple a _—_ ſomething immediately ariſes from the 
mixture, which makes its way 


of turpentine remaining at the bottom, begins now to burn, fly, crackle, hits, 
and ſmoke plentifully, yields a black ſoot, and at laſt goes out, leaving be- 
hind it a reſinous matter, which will burn no longer with this fire. 


EXPERIMENT XI. 


62. By mixing equal parts of pure alcohol and the alcaline ſpirit of fal The offa Held 
at ſu moni. 


ammoniac, we produce t rpriſing coagulum mention'd long ago by Lally, 
and further celebrated by Van Helmont. Upon ſetting fire to this, as we did 
to the former, the alcohol firſt kindles; which being conſumed, the flame 


17 out, leaving at the bottom of the veſſel almoſt the whole quantity of 
the ſpirit of ſal ammoniac. In this experiment, therefore, the offa Hel. 
montii, as it is called, is firſt heated, then ſet on fire, and put under the 


bell, where in the firſt place it yields a weak, equable, ſcarce viſible flame, 


without ſmoke or ſoot ; but with this circumſtance, that the lower part of 
the bell becomes y opake with the vapour. Secondly, the flame grows 


ſtronger, brighter, parkling, hiſſing, unequal, and vibratory a little before 


adorous and what is very remarka e faltint 


* 


rough the flame, before it has been quite 
burnt thereby: yet no ſtench is perceived from ſuch vapour of the flame, 
which burns very quietly, without yielding any crackling or noiſe, But after 
the flame has conſumed the alcohol, a new face of things appears; for the oil 


its extinction, and now yields a ſmell of a volatile alcaline ſpirituous ſalt: 
the vapour, collected into a liquor on the ſides of the bell, is almoſt inſipid, 
and at the bottom remains a tron * urinous ſpirit, very volatile and 

ble, t be ſpirit of ſal ammo- 
mac is much more volatile than alcohol itſelf, as appears by ſlowly- ſubK- - 
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g ming the , Helmontii, when the falt always riſes firſt : yet in bury. 
ing the ey the alcohol always wt ook the firſt, being firſt drawn up 
to the flame; and though the mixture be heated in a braſs veſſel, and ye. 
hemently agitated by a fire over it, yet that exceedingly volatile ſalt will 
tend with its water downwards, till it be topped by the flame, thro' which 
it cannot .paſs to diſengage itſelf, Hence we may obſerve how little the 
true nature of flame and combuſtible matter has hitherto been underſtood: 
and as camphire is held by many eminent chemiſts to be a ſolid volatile oily 
falt, form'd like the ofa Helmontii, of the ſame two ſaline and oily principles, 
it may be worth while to burn this alſo under the bell. This we find eaſily 
kindles upon the application of a burning candle ; and the flame it produces 
is very extraordinary, being white, qua, long, ſlender, and terminating 
in a ſmoaky cone; filling the bell with a copious, denſe, black ſmoke, and 
at the ſame time black, fuliginous particles are thrown out from all parts of 
the flame, and ſo ponderous, that they fall to the bottom, where they (till 
retain the ſmell and taſte of camphire, notwithſtanding their blackneſs: 
ſcarce any feces remain at the bottom after the burning is finiſhed. From 
the whole, we may form ſome judgment of that wonderful body, viz. that 
it is a moſt perfect ſimple roſin, or oil in a ſolid form. 


EXPERIMENT XI. 


Alcobol and 63. Taking pure Eugliſb chalk, reduced to fine powder, and mixing 

earth, therewith an- equal tity of alcohol as intimately as may be, put the 
| whole under the as before; the alcohol will burn away firſt, as in the 
third experiment, and the earth, after the deflagration, remain entire, pure, 
dry, and unchanged at the bottom. 


EXPERIMENT XIII. 


A mixture 64. The moſt entertaining experiment conſiſts in mixi her alcohol, 
alcohol, 4 hire, and oil of * accurately as * adding to 
—— ola theſe the Ha Helmantii, which eaſily mixes with any of the former, bringing 
and earn. theſe into a maſs. with fine Engliſh chalk, and laſtly adding faw-duft to the 
whole; ſet fire to the mixture, with the circumſtances above exprefled; the 
effect will be, that the alcohol deflagrates firſt, almoſt after the ſame manner 
as if this alone had been kindled. This being conſumed, the oil of turpen- 
tine kindles, and exhibits its particular phænomena alteady ſpecified ; next 
the camphire burns, as appears by the ſeveral characters thereof: the alca- 
line ſpirit of ſal ammoniac, the ſawy - duſt, and mere earth remaining at the 
« bottom. It may be obſerved, that the flame is very ſtrong, unequa, 
and erackling; that it yields little ſmoke at the eginning, but that the ſmoke 
gradually increaſes, and becomes extremely black and thick ; the ſoot all 
towards the end is very black and thick, and at the cloſe of the whole 
we ſee fuliginous flocc; floating confuſedly through the bell; and the flame 
during the whole never touches the w | 6; 


. 
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65. From the whole we have an opportunity of learning the manner 


which nature makes uſe of, in conſuming combuſtible fewels by means of fire, 
which 'tis certain is very different from what is vulgarly imagin'd. At the 
ame time it appears, that nothing in all phyfics is more difficult to be af- 
certain'd, than wherein the properly combuſtible part of a fewel conſiſts: 
'tis eaſy to enumerate the names of alcohol, oil, and ſulphur, to which is 
ly falſly added nitre, and to ſay that theſe are the inflammable part; 

t to extricate the true inflammable principle out of all theſe, is'a matter of 
immenſe labour: nor do I find that any writer has hitherto done any thing 


conſiderable in it ; far from having ſhewn what change it is that fire makes 


therein by burning. 
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66. (1) In the firſt place, therefore, there appears\to be a liquor in nature, %“ 55 
produced from vegetables by fermentation and diſtillation, which of all o- h pure in- 
thers is the fimpleſt, lighteſt, moſt limpid, moveable, unchangeable, and fammable 
perfectly miſcible with water and oils; and which, when heated with fire, ae. 


may be kindled by the application of fire, fo as to burn away and main- 
tain a pure flame throughout its whole ſurface, contiguous to the air; and 
thus by degrees turn its whole ſubſtance into flame, ſo that as long as a 
ſingle drop of it remains the flame will ſubſiſt, but when this is totally ex- 


hauſted, the flame at the ſame time intirely diſappears :: we have, therefore, 


found a body, which truly deſerves the name of a food or pabulum of fire, 


ſince it appears to our ſenſes that it may be abſolutely and wholly converted 


by burning into pure live fire or flame. And now, if we conſider what be- 
eomes of the alcohol in the experiment, we ſhall find it turn'd to nothi 
but pure flame; which flame, thus produced and fed by it, has all the 
fects of true fire, and exhibits all the phyfical. characters above laid down 
in the hiſtory of fire (p). ot 


bb) © The flame of a body, Sir I. Newton © rified and converted into fume; which, by. 


** obſerves, is only the ſmoke thereof heated the violence of that action becoming hot 


v red-hot; and the ſmoke is only the vola- enough to ſhine, . appears in the form of 


* tile part of the body. ſeparated by the fire. flame. 


* Thus, alt inflammable bodies, as ſulphur, Flame I take for a mixture of fire wich 


* oil, wax, wood, "Fe. by flaming, waſte, the oily part of the fewel ; and this oil, 
4 and vaniſh into burning ſmoke ; . Which being abe 

* \moke, if the flame be Fall 

* very thick and viſible, and ſometimes ſmells ** is lodg'd, is more diſpoſed than any other 
r — but in the flame loſes its ſmell by. © part to admit and retain a quantity thereof. 


; and; according to the nature of A quantity of fire then being ontet'd into 


* 
** the (moke, the flame-is of this or that co-- ** ſuch oil, muſt extend its maſs, and avg- 


„ lour.. Thus, the flame of ſulphur is blaez. ment its bulk ſo far as the oil is. capable of 


that of camphire, white; that of tallow, * ftretching; at the ſame time filling all the 
yellow, Ge. When gun-powder takes fire, . . © interftices thereof with its own 


wit goes off in a flaming ſmoke ; the explo- Thus the mixture- becomes what we call 


"* hon ariſes from the violegt action of its in- © flame; which, . therefore, is an oily body 
2 gredients, nitre, ſulphur, and charcoal upon without pores, or whoſe pores are exactly 
each other; whereby the mixture being filled up with the globules of fire-comaiined. : 

* therein.” 


-* ſuddenly and violently heated, becomes ta- 


ſalphureous part of the mixt, i. . 
ly put out, is * the part wherein the fire that acts therein 
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buſtaine flame 66. (2) Another thing we learn hereby is, that the fire thus collected about 


of itſelf 


Tields no 
ſmoke, but 


Waker. 


No afbes. 


No fmell-but 
of alcohol. 


Solidity not 
requifite in 
fewel. ® 


the ſharpeſt ſight, ' or the beſt microſcope, to have any 
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alcohol remains ſtill free, as long as the alcohol remains without any other 
fire added or conveyed to it by any other art; ſo that when once kindled, it 
would remain the ſame for ever, nor needs any other fewel to keep it up 
in the open air. 

* Gy. (3) Thirdly, we alſo learn, that when the alcohol is conſumed, there 
remains nothing of the fire and flame, which diſappear at the ſame moment 
with the alcohol; and conſequently, that this fewel is the true cauſe which 
produces at leaſt the preſence of all that fire : the fire remains no longer than 
the pabulum, nor ceaſes while any of that remains. 

68. Fourthly, what is very remarkable in this pabulum, and-the flame pro- 
duced by it, is, that from the moment of its beginning to burn, to the mo- 
ment it goes out, it emits not the leaſt ſmoke; which is commonly found 
in all other bodies, at leaſt either at the beginning or end of the flame. 
'Tis true, this flame of alcohol emits a humid vapour; but then this is as 
limpid and tranſparent as water, and when collected, produces a mere pure 
water, without either colour, groſſneſs, or oilineſs. In effect, we may lay it 
down as a rule, that there is no other body, whether fluid or ſolid, hitherto 
diſcovered, which nouriſhes fire without affording any ſmoke, except alcohol 
alone. | 

69. (5) We learn from theſe experiments, that there is not any fix'd in- 
combuſtible matter in alcohol z ſince, when perfectly pure, as is always ne- 
ceſſary in this experiment, it leaves not the leaſt ſtain behind when burnt, 
but turns totally into mere flame, without leaving any feces, Nor is this 
again found in any body excepting alcohol; all others conſtantly leaving ſome 
faces behind, incapable of being burnt further; though ſome of them very 
little. Naptha, petroleum, and camphire burn vehemently, and turn into 
bright flames, but are always found to leave ſomething leſs combuſtible be- 
hind them at the bottom of the veſſel they were burnt in ; alcohol alone 
leaves nothing. 

70. (6) Again, we learn that alcohol, thus burnt, yields no ſmell different 


from what it naturally affords without burning; the like of which is not 
found in any other combuſtible matter, which always yields ſomething rank, 


fuliginous, or empyreumatic, at the time when are converted into 
flame: whence one would be apt to imagine, that all the parts of alcohol 
remain homogeneous, and the ſame both before, in, and after the burning, 
were it not for what we have obſerved of the water ariſing from the flame 
of alcohol, wherein there is ſomething not combuſtible. 


71. Seventhly, we alſo learn hence, that the one only body, which has 


all the above-mentioned properties in the fire, does not a — either by 
1 idity or firm- 
neſs in it, and conſequently that a ſolid form is by no means neceflary to 


the conſtitution of a lum of fire ; but rather the moſt fluid of all bo- 


dies hitherto obſerved. 


72. (8) We have alſo learnt, that this alcohol is of ſuch 4 nature, 45 


to attract, imbibe, and retain the pureſt elementary water; and that the 


flame produced in alcohol again attracts from the water and alcohol mix d 
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tegether, the ſole pure parts of alcohol, brings them up to the ſurface of the 
mixture, and here abſorbs and turns them to flame; thus ſeparating them 
from the water, which it rejects, and leaves to ſettle at the bottom of the 
veſſel. 

+3. (9) Again, we find that an alcohol; having all the ſame properties, may Produced 
be procured from all known vegetables, by previous fermentation, and ſubſe- from wegera- 
quent flow diſtillation : but excluding vegetables and fermentation, there * 
will be no other body or means in nature, whereby to attain a fluid of ſimi- 
lar properties. 

74. (10) Again we learn, that in this alcohol, however pure, there is 7: cor po 
ſill a diverſity of parts, which is not diſcoverable by any other art, but by %. 
burning alone; and which, by means hereof, produces a water capable of 
extinguiſhing fire, and another inflammable part, Which totally conſumes 
and diſſipates in the fire. Helmont affirms, that by the addition of falt of 
tartar, he could immediately convert the pureſt ſpirit of wine into half the 
quantity of pure water, leaving the other part behind in the alcali; but I 
have always doubted whether this were not to be underſtood of unrec- 
tified ſpirit of wine, in which it holds good, rather than of true alcohol 
produced by the ſtricteſt rules of art; in which, I believe, it never has hi- 
therto been demonſtrated. From the whole it appears, that alcohol is mueh 
like ſulphur, ſince both conſume in the fire, both yield a blue flame, both 
turn into one part inflammable by fire, and another which extinguiſhes 
fire, and which in alcohol is a mere water, and in ſulphur an acid falt 
of vitriol, diluted with a little water, whence its vapour becomes ſuffo- 
cating, | 
75. (11) Laſtly, we here find that ſolid vegetables burn by the ſame Orber fraueln 
law as fluid, and are changed and agitated in burning after the ſame manner; * as alcs- 
viz, the inflammable part alone being conſumed by the fire, and the others 
diſſipated into a matter, which, when collected, becomes viſible again, and 


N alſo combuſtible again, and laſtly into a fix d part, called aſhes 
or fæces. ; 


SCHOLIUM II. . 


76. (1) It appears that alcohol bears a ſimilitude to fire, of which we — | 
ve many indications; both of them coagulate blood, ſerum, and bile, Wr fre. 
and, as it were, parch up the fleſh, blood, nerves, viſcera, the white of 
eggs, and bread. Does it not even appear as a magnet of fire, ſince it at 
tracts the light when held to it? And does not alcohol when committed 
to the fire, heat along with it till it boil, and thus emit flame? 

77. (2) All other inflammable fluids, however ſubtile they be, yet when 4/7 other 
kindled after the manner above ſpecified, always afford a viſible black ſmoke e 4 vet 
and ſoot, as alſo ſome faces or remains, not quite combuſtible, This in- nav 
combuſtible part in the pureſt oils, is firſt mere earth, wherein there always 
— a little portion of the oil, on account of which it retains the nature 
a. coal, and has always ſomething inflammable remaining; and if ſuch 
Us be further puri by repeated 3:Rilations, they always depoſite a pro- 

Portion of earth, become ti an finer, and more combuſtible, yield- 
u ing 
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ſtill leſs ſmoke, ſoot, and aſhes, and approaching nearer and nearer to 
the nature of alcohol: but though the operation be continued ever ſo long, 
: it does dot appear that they are reducible to ſuch a degree of ſubtilty, as to 
» diſſolve and mix with water. | 

What would W- (3) The only known body, therefore, that is abſolutely and wholly 
inflammable, ſo as to nouriſh flame, yields no ſmoke, nor produces the 
| 9 leaſt ſoot, or leaves any fæces when burnt, but paſſes in its whole ſubſtance, 
ſo far as our ſenſes may judge, into fire; excepting that it affords a little 
pure water, If then it were poſlible by any art to ſeparate the combuſtible 
part of the alcohol from the water, and thus commit the firſt part alone to 
the fire or flame, what muſt the reſult be? Would it then burn ſucceflively, 
as it does now when intermix'd with water; or would it not rather go off 
and conſume inſtantaneouſly like lightning ? The imagination would agel 
many things on this head; but we muſt check its forwardneſs by the weight 

of experiments. | 
Pore aba 79. (4) From what has been ſaid, we may venture to affirm, that the 
of fre totally part which is not abſolutely inflammable in any combuſtible vegetable, as 
wanjbe:5n it. alcohol, or any oil, either conſiſts of water adhering intimately to them, or 
of falt, or of earth; and that if theſe could by any art be perfectly ſe- 
rated from the oil or alcohol, the remainder would be fimple, pure, per- 
ly combuſtible, and yield the pureſt flame without ſmoke, ſoot, or faces, 
This holds fo true of the limpid ſubtile vapour, collected in the bel! _ 

the _— of alcohol, that itſelf is only the watery incombuſtible part 
F the alcohol z. conſequently all the aſhes, ſmoke, and ſoot mix'd in a true in- 
flammable body, conſiſt of water, ſalt, and earth. 

Smoli and 80. (5) We alſo learn that fmoke, ſoot, and the viſible fumes of a burnt 
hei, aubat. vegetable, are always the more copious, by how much there was more water, 


+ - 4 81. (6) Again, we learn that in a vegetable combuſtible body, the in- 
— fo far, as that the other combuſtible part alcohol, or pure oil, cannot be 


a hundred times the ney of water, though it be heated beyond the de- 
gree of boiling alcohol, will not kindle ; but if caft on the fire, puts it out: 
and wood, though very oily, yet if it be green and full of water, will yield 
plenty of ſmoke, but no flame. 80 fat potter's clay doubtleſs contains 


oil, which, when ſeparated, will burn, but is ſo check'd by the prevail 

ing earth mix'd with it, that the ſmall quantity of oil cannot burn therein. 
—_— (2 One thing remarkable, proved from the preceding experiments 
12 is, that if the fire applied in a combuſtible vegetable, ing of a com. 
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duſtible and an incombuſtible part, exert ſo much power, as at the ſame 
time, and with the ſame action, both to kindle the combuſtible part, and 
divide and attenuate the incombuſtible one into minute particles, and the 
flame thus produced by the joint action of the combuſtible and incombuſtible 
matters, will be much ftronger than what the combuſtible po alone, if 
collected and kindled by itſelf, would have produced, For flame, ceteris 
paribus, is always found the weaker, by how much the matter of which it 
conſiſts is purer; conſequently alſo the flame produced by ſuch a mixture will 
be much more unequal, than that which would have been 22 by the 
pure inflammable part alone: and hence the fire ariſing from ſuch a mix- 
ture is more audible, crackles, flies, and is often very troubleſome, as well as 
more ſmoky and fœculent, than that of a purer matter. In fine, the more 
incombuſtible matter there is in fewel, more violent will the fire be, 
provided it can be kindled at all. 

83. (8) This alſo will hold every where true, that by how much the in- 
combuſtible matter united with the oil is denſer, more compact and ponde- 
rous ; by ſo much will the fire and flame produced by ſuch combuſtible body 
be more violent, 

84. Thus, we not only find that, in the ſame vegetable, its more ſolid 
parts produce a ſtronger than the other looſer parts, e. gr. the wood, 
than the bloſſoms or leaves of trees; but alſo, that different woods, if 
compared with each other, always yield ſtronger or weaker flames, as they 
are more ſolid, or more looſe and fungous. Cedar, for inſtance, yields a 
much ſtro fire than willow; fideroxylon than poplar; and this in pro- 
portion to the heavineſs of the one beyond the other. 
bas, (9) We alſo gather from the preceding doctrine, that no vegetable 


heavier ones: whence it may be infer'd, that heavier fluids kindle flower, 
and lighter ſooner, Accordingly, we never ſee matches made of ſolid oak, 
but always of ſpongy deal or ſedge. But the ſooner a body kindles, the 
weaker is its / wan and the flower, the ſtronger and more durable: on 
the whole, ſo much the more fire muſt always be ſuppoſed pre-exiſting, 
by how much the wood to be kindled is the heavier z otherwiſe it will not 
be ſufficiently heated to catch fire. 


96. (10) Again, it follows from what has been ſaid, that in the burning 4rd this fte. 


ceſſevely in a 


of vegetables, the combuſtible part is always conſumed by a ſucceſlive, an 
not an inſtantaneous or momentary action of the fire: add, that in ſuch a 
burning, the conſumption and ſeparation of the combuſtible matter is al- 
ways luccefſive ; ſo as that the pureſt and lighteſt among the materials to 
be burnt, always kindles and is ſeparated and changed the firſt ; as this 
ht hot the ſooneſt, and is eaſieſt moved and diſengaged from the reft. 
hen this is conſumed, the matter next to it in degree of inflaamability, c. 
begins to be agitated, heated, kindled, and ſeparated ; which being at 
length conſumed in its turn, the others will ſucceed ; and laſt of all that 
which is leaſt inflammable : and this laſt appears by a multitude of experi- 
ments to be a little quantity of = ſtrongly adhering to a large ne - 
u 2 
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And the mays 
Fonderauss 


No feruel 


it be fieſt heated by fire, and this to a degree ſufficient to make oil burns ir- 
boil; but lighter bodies heat ſooner to that degree, by the ſame fire, than = but & 


certain order. 
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, fix'd earth. Whence again it appears, why in a cloſe veſſel, without ad. 
mitting freſh air, this oil cannot be ſeparated from its adhering earth : and 
hence alſo we may learn, that this laſt incombuſtible part will never yield a 
violent fire, on account of the exceſs of the incombuſtible earth in propor. 
tion to the combuſtible oil; whence, though it be capable of being ignited 
and ſhining, it will rarely break into flame, 
Fire, wwhy 87. (11) We may alſo obſerve, that a fire kindled by a compound com- 
Hrengeſ at 2 buſtible body. burns, with the moſt vehemence when it is about the middle 
certain line. of its burning, viz. when all the parts are the moſt rapidly kindled ; fince 
towards the end, there is uſually need of bellows to keep it briſker ; o- 
therwiſe the terreſtrial and ſaline fix'd parts, by the aſhes which they ſpread 
over the fire, are apt to deaden and extinguiſh that little, which is kept alive 
in the ſmall quantity of oil. | 
Why weak in $8. (12) Hence we allo learn, that the pureſt of all flames produced by 
alcobol. a mere combuſtible matter, without any admixture of other ſubſtances, can 
never yield a very ſtrong fire, though it will a very equable one; ſince in 
the 1 it has been ſnewn, that the pureſt pabulum yields 
the weakeſt fire. | | | 
The 2 ef 89. (13) Contrary to the common opinion, we gather, that the power of 
incombufible flame depends as much, or perhaps more, on thoſe incombuſtible parts con- 
parts in fire. tain'd in the kindled matter, as on thoſe which are truly combuſtible ; and 
therefore, that the quantity of fire in flame, produced by a combuſtible 
matter, is rather collected into the ſpace of the flame, by the rotation of 
the unchangeable particles mixed with the reſt, than by that other thin 
volatile oily e more immediately agitated by the fire. 
A deuble mat- 90. (14) We may hence infer, that there is a double cauſe in materal 
ter in flame. fire; viz, firſt elementary fire and its proper genuine pabulum, which is mere 
pure alcohol; and, ſecondly, in this pure and proper fire, there are allo 
other parts, which alone could not have ſuſtained elementary fire ; but when 
agitated in the former pure flame, increaſe the violence thereof by ther 
own vibration, which frequently, by this means, is raiſed to a pitch much 
beyond what could ever have been produced by the former cauſe alone. 
. To illuſtrate this point; ſuppoſe half an ounce of gun-powder kindled in 
the open air, and ſpread all around into a flame, and thus in a mo- 
ment diſappearing ; ſuppoſe then the ſame powder ramm'd into a cylindr: 
cal barrel, and No wh a ſuitable ball of lead, and then the gun- powder 
kindled; the powder will now, by its proper motion, project the leaden bullet 
out of the barrel with an incredible force; of which we had but ſmall figns 
in the particles of the gun-powder, when kindled before in the open al: 
' Whence it appears, that the like hard incombuſtible bodies, being whit! d 
about and vibrated in ſo rapid a flame, may add great power to the body 
of the flame. | E 
Fire, bow 91. (15) The utmoſt power, therefore, of this fire may be heighten'd 
beighten'd. by water, ſalt, and earth, intimately mix'd with the combuſtible matter, 
with one another, in the pure kindled fire; provided that fire be ſtrong c 
nough to put them in a quick motion, * 
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92. (16) Some cauſe is neceſſary, in order to preſerve and continue the De cauſe wni- 
fame when once kindled ; and one condition of ſuch cauſe muſt be, to *z «fe Oe” 
make the pabulum during the burning remain cloſely join'd to the fire itſelf, Jeu. 
and prevent the ſeparation between the two; which otherwiſe the fire na- 
turally tends immediately to make, Another effe& hereof ſhould. be, to 
keep the hard incombuſtible parts, when agitated by the force of the for- 

mer, within the ſpace of the kindled fire, that they may not haſtily fly 
of, but be retained in the place where they are fo agitated, in order conti- 
nually to receive the impulſe thereof: for without ſuch a cauſe, all this mat- 
ter, thus agitated, muſt be every moment flying off from the fire, which 
would put an end to the action of theſe vibrating particles within the ſphere of 
the fire, Whence again it appears, that all. fire would only be momentary, 
were it not for this cauſe which applies, preſſes, and unites it to the matter. 
Yet it does not appear, that this compreſſing 25 ſhould ſo act on them, 
as by the preſſure to reduce them into a motionleſs maſs; the effect of which 
would be, to ſuffocate the fire; but ſuch a compreſſion ſeems chicfly neceſ- 
ſary, whereby the groſſer parts, whether combuſtible or incombuſtible, after 
having been agitated by the fire, may ſucceſſively fly off in proportion as new 
parts begin to be agitated ; and the cauſe which ſeems. fitteſt for this pur- 
poſe, is ſuch as may effect this by a reciprocal oſcillatory compreſſion, or 
remiſſion, being itſelf all the while intirely fluid, and incapable of being con- | 
ſolidated. Such a cauſe is the atmoſphere, which ſurrounds and preſſes | 
upon all bodies at all times; this therefore ſeems the place for aſcertaining 
What the power of the atmoſphere contributes to the maintenance of fire, 

93. Suppoſe then à fire made of the beſt wood, thoroughly Kindled, e piyfcal” 
on an iron plate, ſo that its baſe be a Rhinland foot ſquare 3 the weight of manner of 
the atmoſphere incumbent on the baſe: of this fire will be that of a fires adi. 

a priſm of air, whoſe baſe is a Rhinland foot ſquare ; the weight of 
ſuch a priſm. is found by the barometer to be different at different times; 
but with this reſtriction, that the difference between the heavieſt and light- 
eſt ſtates rarely exceeds . Suppoſe then, at the time of our experiment, 
the height of the mercury in the barometer to be 30 Rhinland inches; and 
ſuppoſe the weight of mercury to that of water as 14 to 1, and that a foat 
of water at ſuch time weighs 64 Trey pounds, the preſſure of the at- 
moſphere incumbent on the ſquare baſe above-mention'd muſt be 2240-ſuch 
pounds; and this immenſe weight is then acting on the fire: but the live 
parts of the ſame fire are every where endeavouring to remove and caſt off 
this load with vehement force, and by ſuch means expel. all the heavy 
parts of the atmoſphere out of the place where the fire is kindled ; which 
again increaſes the weight of the atmoſphere itſelf, Now, by the laws of 
hydroſtatics, the reſiſting fluid of air thus repelled, muſt preſs on all the 
points of the ſurface of the fire here kindled, which of conſequence muſt be 
impelled and acted on from every fide by this weight with an equal force, 
as if compreſſed by a vault ſo ſtrong as to bear a load of 2240 pounds 
without burſting ; ſo,that the inflammable parts in this fire being agitated by 
the force of the elementary fire collected therein, and at the * time all 
the other incombuſtible particles being acted on by the force of bath the for- 

mer, 
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um; 
ſo long as the other parts can be ftrongly agitated by this flame; and ſo long 


preſently after, all fire and ſparks go out in the vacuum of an air-pump, for 


apply the parts more ſtrongly together, and thus breed a fiercer flame; and 
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mer, when they endeavour to fly off from the fire, they will be repelled back 
towards the centre of the ſame fire by ſo vaſt a weight ; and this continually, 
but ſtill more and more, as the fire within acts more —_—_ Hence again 
we learn, that both * * of the fire, and the combuſtible matter, will 
be applied and compreſſed with immenſe force againſt each other; and at 
the Ne time be rapidly agitated, and ſhaken around by the incredible force 
of the fire, which dilates all: by ſuch means a vehement attrition muſt be 
excited between all the ſolid parts, which will be proportionably greater, 
as the force wherewith they were preſſed together, and the attrition of the 
Fire is greater. And the fire, burning with the combuſtible matter, ads 
always with equal concuſſions on the atmoſphere, which ftill makes an 
equal reſiſtance z conſequently the fire by this perpetual recidivation of the 

atmoſphere, will be jr pods much after the ſame manner, as if continually 
eaten with a hammer of 2240 pound weight. And again, as the air over the 
fire muſt be in a continual ebullition, like that we find over a live coal, when 
.expoſed to the ſun, and viewed with the eye directed above the coal towards 
the fun : it will follow then, that the ftrokes or pulſations of fo elaſtic a 
fluid in ſuch a vehement ebullition, will be ſo much the ſtronger, and ſuc- 
.ceed the thicker ; and that if leſs refiſtance be made from one part of the fire 
than another, the air will ruſh more ſwiftly againſt that part in proportion; 
till being rarified and repulſed by the fire, it makes a continual and vehement 
oſcillation over the whole compaſs of the fire. So long, therefore, as there re- 
mains ſufficient fire in this place to produce a flame with its proper pabul 


as they are compreſſed by the aerial vault with ſufficient force to prevent the 
flying off; fo long there will be a ſufficient attrition produced on this hearth, 
to collect a ty of fire ſufficient for the continuation of ſuch a flame: 
but when either elementary fire is wanting to agitate, or fewel to be kindled, 
or that the particles to be agitated are too groſs and hard to the due 
alteration by thoſe other, the fire will immediately begin to dwindle, and at 
Jength entirely ceaſe. So if the aerial vault happen to be weaken'd, or 
render'd leſs ponderous, the fire on the hearth muſt be weaken'd propor- 
tionably ; mf groan the former is much diminiſhed, the fire and the pa- 
bulum will fly from each other, and diffipate in air. Hence all flame, and 


want of a due application between the parts: hence wind inereaſes the power 
of flame; the effect of this being the fame as if the weight of the atmo- 
ſphere on it were encreaſed: but if the wind blow ſo ſtrongly on the fir, 
as to break the aerial vault about it, the flame will be immediately extin- 
guiſhed, and perhaps inſtantly re- kindled by the ſame blaſt which put it out: 
conſequently if the fire be blown by bellows, ſuppoſing this be not done 
fo forcibly as to extinguiſh it, the additional preſſure of air muſt uy 


two ſtrang bellows be blown from oppoſite quarters upon the ſame fire, a v!0- 
dent flame will neceſſarily be produced in the middle of the fire, whereby metal 
will preſently be meltod, and other operations may be performed, as we find 
Practi ſed. accordingly among goldſmiths and other workers in metals. rk 
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Hence, again, we ſee why fire burns ſo much the fiercer, as the * 
* is colder, and the air more conſtringed by a keen froſt; the aerial mo ogy 
vault ſurrounding the fire, then binding it ſo much the cloſer and ſtronger, %%. my 
and thus preventing the particles floating in the torrent of fire from flying 
off, till by the continued action of the fire they become ſo attenuated, as to 
be able to make their eſcape through the air itſelf, Hence alſo it happens, 
that the preſſure on the fire is greateſt about the upper parts, and leaſt 
wards the circumference of the baſe ; whence the air, finding leaſt reſiſtance 
from that part, drives the flame upwards : and as the fire is denſeſt, and 
conſequently ſtrongeſt about the middle, it thence follows, that the flame 
will riſe higher from the middle of the fire than from its ſides, where the quan- 
tity of fire is confiderably lefſen'd ; and hence we ſee the reaſon of the py- 
ramidal figure of flame. But if the ſurface of the be every where in- 
veſted with a hard body, which excludes the air; the pabulum, as alſo the 
rotation of the particles, and their equal preſſure and reſiſtance from all 
ſides, preſently reſt among each other, and thus the flame ceaſes, and the 
fire ſoon goes out; though, upon removing this cover, and re- admitting 
= air, it preſently kindles again into a live flame, or at leaſt into a. 

wing fire, 

HY 7) Laſtly, from the conſideration of all that precedes, it does Feel der 
not appear that there is any thing in nature, which, when committed to not become. 
elementary fire, is changed into the ſubſtance thereof. In all the inſtances Are. 
and 1 which have occurr'd to me, I have examined very nar- 
rowly for an indication of this kind, but find none; and therefore dare 
not affirm, that either alcohol, oil, or any other body, becomes fire in 

burning. Indeed bodies perfectly combuſtible are ſo alter'd in the flame, 
that we can find nothing remaining of them, by any way of enquiry hi- 
therto known ; being ſo * ſubtilized, as to eſcape all notice of our ſenſes: 
but it does not therefore follow that they are turn d into fire itſelf, 


Of Fewels from animal Bodies... 


1. H ING examined the matter which is properly combuſtible in Au en- 
n vegetables, we ſhould proceed to a like enquiry of the fewels in /ations ſome- 
animals ; but it being evident that the bodies of animals conſiſt of a ve- +=" "gan 

getable matter digeſted in them, ſuch an enquiry is in great meaſure un- 
neceſſary, If we may truſt to hiſtory, the humours of the bodies of ani-- 
mals have been ſometimes. carried to ſuch a degree of oilineſs and ſub- 
tilty, as to catch, like alcohol, a weak pure flame, To this effect we have 
inftances of men, whoſe fames as they perſpired would kindle around them; 
and Helmont even ſpeaks of a man, whoſe wind, broken downwards, if di- 
reed upon a candle, would turn to flame: but ſuch inſtances, if true, 
muſt be allow'd very rare. 

2. The oils, however, of animals, ſcarce differ at all, in reſpect of in- 
flammability, from thoſe of vegetables; ſo that it would be to little pur- 
Poſe to repeat what has been already rehearſed, We find waters, ſpirits, 


o 
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Halte, oils, and earths in animal ſubſtances ; but the nature, preparation, pu- 


rification, and effects of theſe in the fire, are perfectly the ſame as in vege- 


table ſubſtances; ſo that it may ſuffice to recommend it to the reader, and 


Naptha like 
alcohol. 


to compare and apply what has been ſaid in the one to the other. Some in- 
deed may ſuſpect, on account of the phoſphori obtain'd from animals, that 
the inflammable principles of theſe are ſomewhat different from thoſe of ye. 
getables ; but to obviate this, we need only obſerve, that chemiſtry cin alſo 
roduce phoſphorus from fat coals of vegetables, eſpecially of thoſe vegets- 
les, whoſe juices bear the neareſt reſemblance to the humours of animals; 


as has long ago been ſhewn in the inſtance of muſtard. 


Of Fewels from foſſil Bodies. 


Vi HAT is till further remarkable, is, that the ſame law of com- 
buſtibility holds alſo in the foſſil clafs ; for it has been found that 
oils are the only parts of theſe that are inflammable; and again, that among 
theſe ſeveral oils, the lighter and thinner afford the leſs ſmoke, ſoot, and 
aſhes ;- and the thicker and heavier the more. Some of theſe may not impro- 
bably be almoſt as ſubtile as alcohol; though I do not know that any have 
yet been found capable of mixing with water. | 
2. We read indeed of a liquor diſtilling from rocks, which, on the ap- 
plication of a torch will catch fire; and even of the water of ſome fountains 
which will do the like; but whether the liquors here kindled be miſci- 
ble by water, is not mentioned by the relaters. We read in hiſtory, that 
the Babylonian naptha was ſb ſubtile, volatile, and apt to catch fire, that it 
frequently kindled by the torches as they were carried along in the night- 
time, and thus ſeem'd as if it had burnt of itſelf, and would ſometimes cover 
the whole ſtreets with a blue, weak, and hardly devouring flame: by which 


it ſhould ſeem, that this liquor, by its tenuity and ſubtilty, comes near to 


the nature of alcohol; ſince in that hot climate, *tis probable, our alcohol, 


. ſpread after the ſame manner, might have the ſame effect; as is confirmed 


by the above recited experiment, of alcohol under a bell kindling by 2 
candle, and blazing away. But it being difficult to procure this true naptha, 
we cannot determine any thing preciſely concerning it; for as to what s 
ſold among us under the name of naptha, it always comes far ſhort of fuch 
3 being at the ſame time much thicker and heavier than al- 
cohol. 

3. Petroleum, again, however ſubtile, appears no way comparable either 
to the naptha of the ancients, or our alcohol; though when this is pur 
fied by a ſuitable diſtillation, it grows confiderably more ſubtile, and eaſier 
to kindle ; but even then it ſtill continues oil, and does not become alcoh 
In the mean while, what has been obſerved of vegetables obtains here 
likewiſe; viz. that the purer, lighter, and more ſubtile any foſſil oily cam 
buſtible matter is, the leſs ſmoke, ſoot, ſtench, and feces, and likewiſe the 


—-— lighter, purer, and weaker flame it always affords, 


3 eee 
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4. Other inflammable foſſils, wherein any thick ponderous incombuſtible Pit coal. 


matter is mixed, always kindle more difficultly, and require a ſtrong blaſt 
of wind or bellows to make them burn briſkly ; but then the fire and flame, 
which theſe foſſils hereby conceive, is fiercer in proportion, as ſufficiently appears 
in lithanthrax, or pit-coal. Such bodies again afford a groſs black ſmoke, 
uſually of a rank ſmell ; and when collected, a plentiful ſoot; leaving behind 
them a great quantity of fix d inſipid ponderous aſhes. 


3. Laſtly, among foſſil fewels, there are ſome compoſed of a mere com- Sulblur. 


buſtible oil, with the addition of a ſharp acid ſalt; ſuch are ſulphurs. When 
the oily combuſtible part of theſe is burnt in the fire, the ſaline, acid, 
incombuſtible part, bearing a near reſemblance to the oil procured by fire 
from vitriol, is collected in form of vapour, and being cooPd again is 
called /piritus ſulphuris per campanam; which being, further ſeparated from 
the water mix*d with it, in burning, and thus brought to its natural degree 
of purity, is the heavieſt of all fluids except mercury, as well as the ſharp- 
eſt and moſt acrimonious, | 

6, Hence, again, it eafily follows, that * does not catch flame till 
it be liquified by the fire, and conſequently till it be firſt heated to a great 
degree: and again, when the flame has ſeiz' d its inflammable part, then 
its heavier, acrimonious, and ſaline part, becoming much agitated and at- 
tenuated thereby, begins to boil in the flame, and is hence diſſipated a- 
round, producing hereby a great increaſe in the action and violence of the 
fire, till becoming ſoffciently b 
action of the fire, ſo as to enable it to eſcape from the fiery vault into the open 
air, it diffuſes a vapour, which powerfully inflames all the parts of animals 
it can come at, and particularly. occaſions ſuffocation. Other bodies alſo 


ſtruck by this vapour of burning ſulphur, become greatly alter'd thereby, 


but differently according to the different natures, and. the relation which 
they bear to this, which is the moſt acid of all known bodies. Theſe 
effects of kindled ſulphur are uſually miſtaken, and attributed to elementary 


fire, from whence they ought by all means to be diſtinguiſhed ; tis certain 


however, that they are owing partly to the elementary fire, partly. to the 
combuſtible part of the ſulphur, and partly to the acid incombuſtible matter 
render'd volatile by the fire. After this we ſhall not need to give any par 
ticular explanations of the manner wherein bitumens, aſphaltums, piſſaſphal- 
tums, or Jews-pitch act in the fire, or are acted on by it; which may eafily 
be underſtood from what has already been deliver d. It may ſuffice to ob- 
ſerve, that in theſe there are found foſſil fat oils, generally acid falts, alſo 
earth, and frequently ſomething metalline and tony z in all which, however, 
that which properly burns is of the oily kind, tho* the other matters mix'd 
therewith, afford a fort of ſpicula, which being vibrated by the fire, increaſe 
the force thereof, and enable it to produce extraordinary effects on certain 


ies. We have treated ſufficiently, with regard to the preſent defign, 


concerning the nature of the pabulum of fire; and ſhall now, from the 


preceding hiſtory, draw a number of corollaries, which we apprehend fully 
made out thereby, dere * 7 * e 
ö | So | J X x 4 * * 7. 


roken and divided by the continuance of this 


338 The Theory of CnnMisTay. 
Fire rarifes 7. (1) That oye pure elementary fire rarifies all the tribe of bodies 
all bodies. hitherto diſcoverable by the ſenſes, whether ſolid or fluid, or compounded 
of both, by mixing itſelf therewith. 
This 8. (2) That this property is peculiar to fire only; no other known body 
— to having yet been found to be poſſeſſed thereof: the efferveſcencies, fermen 
fire alone. tations, and particular rarifactions of bodies, being no ſufficient. proof of 
the contrary. 
Fire every 9. (3) That fire, ſo far as tis known by rarifaction, is pe lly pre- 
Mere pre- ſent in all places, as well. in the fulleſt corporeal ſpace, as in the moſt per- 
, fect vacuum. 
And that e- 10. (4) That fire is equably diſtributed every where, ſo long as no 
quabhy. particular cauſe ariſes to collect it, thus diſperſed, in ſome determinate 
lace. 
* ColleBed by E 11. (5) That the mutual attrition of certain bodies, is, perhaps, the firſt 
| ettritiom. and primary collecting cauſe. | 
| Hasan e-. 12. (6) That fire has a power of moving freely every way, or of thus 
| Sue power, expanding itſelf ſpontaneouſly. 
13. (7) This motion or expanſion may however be directed in a paral- 
leliſm, or by converging lines; which is another, and the moſt common 
5 way of procuring fire. f 
Direzedly 14. (8) That the ſun is manifeſtly the capital cauſe, whereby fire, of it- 
12. {If undetermined, is forced into a paralleliſm. . 
Cay/e of the 15. (9) That reflexion or refraction of the collected fiery rays is the cauſe 
7455 convery- of their converging in a ſmall ſpace, called a focus; which is another 
. manner of obtaining fire. N 
Fire obtain'y- 16. (10) That a vehement fire is produced in a moment by the quick 
8 by collifion of bol lion of a cold ſteel and a cold flint in a cold place and ſeaſon; which b 
1 @ fleel and a fourth manner of obtaining fire, 
A. = T7, (12) That this fire, with reſpect to its matter, does in no wiſe pro- 
Abs 5, 8% ceed from the ſun, 
_ 18, (12) That itremains, however, united with bodies a.ſhorter or longer 
time, in proportion to their leſs or greater denſity. 
19. (13) That no body, yet found out, is capable of retaining fire for 
Pe rperutty. | | R 2 4 , 
20. (14) That the fire we have here deſcribed is that univerſally allow d 
to be elementary fire, | 
** 21. (15) Tis commonly ſuppoſed there is likewiſe another kind of fire, 
which conſumes combuſtible bodies into inviſible parts, and which is judg d 
to be fed, and falſely imagined to change ſuch bodies into true fire: ad 
this is thought to be produced. by applying fire to a proper pabulum in the 
open air: and is the fifth and moſt uſual manner of procuring fire. 
By alcobel. 22. ( 16) Pure alcohol is the only matter yet diſcovered that nouriſhes fire 
ſo as to be totally conſumed thereby; without yielding any thing more than 
à pure flame, and leaving nothing behind upon its extinction. 1 
23. (17) The force of fire, however, may be increaſed by a mixture 
| zes with its pabulum ; theſe being agitated therewith by the fue 
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24. (18) The kindling a fire does not create or generate fire de novo, Fire, whethes 
neither is there any deſtroy'd by its extinction; fire being unchangeable, rh of gre-. 


and perhaps void of gravity. It ſhould ſeem, however, that the contrary ® 
bs aff Boyle 


to this afſertion is built on ſuch ſolid arguments, that after Mr. Boyle 
gave us his treatiſe of the 1 flame CL it ſcarce appeared to admit 
of a doubt; and much leſs ſince Homberg publiſhed hi obſervations on the 
additional weight that incombuſtible bodies receive from the pureſt 
elementary fire, quite unmixed with any material fewel : from all which tis 
manifeſt, that elementary fire is capable of concreting inſtantaneouſly with bo- 
dies, and conſiderably augmenting their weight. I proceed therefore, out of 
the regard I bear to truth, to relate the experiments brought in proof there- 
of. (1) Mercury, previouſly well cleanſed by metals, and thus render'd 
more fluid than the native ſort, being digeſted in a clean veſſel over the 
flame of a lamp, for a ſufficient time, is changed into\a black, white, or red 
wder, and has its weight increaſed by the operation. (2) Du Clos ſhew'd 
fore the Academy of Sciences, that a quantity of pots expoſed to 
the burning-glaſs, encreaſed a fixteenth part in weight, though a large ſhare 
of it was Jo in fumes by the operation. (3) Homberg, carrying his enquiries 
ſtill further into theſe matters, by experiments made with T/chirnhauſes 
glaſs, having its focus directed into a hollow veſſel, ſeems to have proved 
ſtill more clearly the poſſibility of the union of true fire with bodies, its 
conſequent concretion, and forming therewith a new and very different body, 
conſiderably encreaſed in weight. In this view he expoſed four ounces of 
regulns antimonii martialis, reduced to powder, to the focus of the 


dioptrical glaſs of the Duke of Orleans, at the diſtance of a foot and half 


from its true focus; ſtirring it frequently with an iron ladle, till it ceaſed 
fuming: a copious thick fume aroſe in the beginning, and continued for a 
long time afterwards z/ and the powder, after the operation, was found to 
weigh four ounces, three drams, and a few grains; ſo that it had encreasd 


near one tenth of its original weight. This powder being next expoſed ta 


the true focus of the glaſs, and thereby inſtantly fuſed, directly loſt an 
eighth part of its original weight, with the three drams and few grains it 
had gain'd in the former operation: whence it ſhould ſeem probable, that half 
an ounce of the regulus was loft in the firſt calcination ; and that the fuſion 
in the ſecond waſted the three drams of fire introduced in the firſt, And 
this ſeems confirmed by the preparations of red-lead, quick-lime, and ſome 
other ſubſtances in the fire. That ſuch was the event of theſe, and ſome. 
experiments of Mr. Boyle, I do not doubt; being equally convinced of the 


ability of thoſe great men for making experiments, and their candour in re- 


ating them, But I muſt add, that having thoroughly ignited a piece of 
iron, of eight pounds, it acquired no additional weight; for weighing it in 
this ſtate, and after leaving it in the ſcale till it was become cold, tho 
„eight thereof in both caſes was preciſely the ſame: aud yet the degree 
c> heat, or quantity of fire in the iron, confiderably exceeded that of the 
focus above-mentioned in M. Homberg's experiment. But as the calcination 
© was made in an iron ladle, or earthen veſſel, and the matter employ d 
X x 2 | kept 

0 See Boyle Abr. Vol. II. p. 388. 
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hence be increaſed. 
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kept conſtantly ſtirring with an iron ladle, the bulk of the powder migh: 
he true focus immediately expels the fire, ſuppoſed to 
be united with the antimony ; if indeed it may be called real fire. Such an 
increaſe of weight, however, does not happen in all bodies thus calcined, 
but only in thoſe abounding with a rapacious ſulphur, as anti mony, lead, 
tin, iron, and orpiment; whence this addition is, perhaps, owing to the 
corroſion, attrition, and mixture of the particles of che ſulphur with thoſe 
of the other bodies, ſeparated by fuſion in ſuch operation. But the encreaſe 
of weight, in bodies expoſed in glaſs veſſels, from the ſuppoſed inſinuation 
of fire into them, is ſo {mall, that it may, perhaps, rather be aſcribed to 
ſomething communicated to them from the glaſs itſelf. Experiments of 
this. kind ſhould be purpoſely made, but with great caution, as we may he 
eaſily led into error: and that I myſelf may not ſeem. too peremptory and 
partial in my opinion, I ſhall refer you to that accurate relater of experi- 


ments, Du Hamel; whom you will find after ſuch relations, ſkilfully raiſing 
difficulties againſt them, requiring further illuſtration, And you will there 
meet ſome experiments of Boulduc (7), ſtrongly favouring the contra 


opinion (s), 
Y See i. Arad Srient. p. 14, 1. 
(s) Mr. — gives us * experiments 
to ſhew, That fire and flame may incorpo- 


rate with ſolid bodies, and increaſe "their 
weight. Having diſpoſed a quantity of ſul- 


©phur and a copper-plate in. a tall receiver, 


ſo as that the plate was at a conſiderable 
«« diftance from the ſulphur ;_ upon firing the 


< ſulphur, and letting it burm away, ſo that its 


«flame reach'd the metal, the ſeem'd 
to have actually ted it, and to have 
«© made it viſibly ſwell, and grow thicker ; 
« which ap ed to be done by a real acceſ- 
* fion of — ſince, aſter he had wiped 


off ſome little adhering ſordes, and with 


them ſeveral particles of copper, that ſtuck 
cloſe to them, the plate was found to weigh 
„ near pars 278: rains more than at firſt; 
and, conſequently had increaſed its former 
weight above a fifth part. 

- - «< Upona very ſhallow crucible, we put one 


* ounce of copper · plate, and ſet it in a cu pel- 


«ling furnace, where it was kept for two 
„hours; and then being taken out, we 


<< weigh'd the copper, which had not been 


*« melted, (having firſt blown off all the aſhes) 
and found it had gain'd thirty. grains. 


Steel being a metal that, as experience 
informed me, will very eaſily. be wrought 


* on by fluids of a' ſaline nature, twas rea- 


« ſonable to expect, that flame would have a 


« greater operation on it, eſpecially if it were 
before: hand reduced to ſmall. parts, than on 
+ any-bodies hitherto deſcribed. And accor- 


% dingly four drams of the filings of ſteel, 


25. 


A ing kept two hours on a cupel, under a 
„ muffler, acquired one dram, 6 + grains, in- 
« creaſe of weight. | 

A piece of refined filver being put upon 2 
* cupel under a muffler, and kept there for 
* one hour and an half, was taken out and 
« weigh'd again; and as before it 4 
«« three drams, 32 4 grains, it nom weigh's, 
« in the ſame ſcales, 3 drams, 34 gram. 

And to prevent all ſuſpicion of any ia. 
« creaſe of, weight in the metal, ariſing from 
« ſmoke, or ſaline particles, getting in at the 
mouth of the veſſel; I made the experiment 
ein glaſſes, hermetically ſealed, as follows : 
<« ſome tin, which had been before partly c. 
* cined in a glaſs, being melted again in 4 
** crucible, we weighed out juſt eight ounces 
<< and theſe we put in a bolt-head of white 
« plaſs, with a neck above twenty inches long; 
«which being hermetically ſealed, after the 
« plaſs had been a while kept over the fre. 
* Jeſt it ſhould break by the rarifaction of 
« the air, the metal was kept. in fuſion for 
one hour and a quarter. Being unwiving 
*« to venture the glaſs any longer, it was ta 
from the fire, and when it grew cold. 
e ſeal'd end was broken off; but before 
could have the bottom cut out, I ob 
that the upper ſurface of the metal 
« very darkly coloured, an very irregular'f 
„rough; and the lower part bad between 
the bottom, and the under: ſide of the lowP, 
* a pretty deal of looſe dark-colouret ; 


_— — 
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25. (19) It ſhould ſeem that elementary fire may be increaſed to fo great Elementary 
| a degree in a 8 place, as to prove the cauſe of certain phyſical effects fire may be 


| 
| 
' 
| 
[ 


; 
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in bodies, otherwiſe not readily accounted for; but which may now be — in- 


obſerved and reduced to a body of natural hiſtory. And this is further con- 
firmed by dioptrics and catoptrics, eſpecially when they are both applied, 
and conſpire in the ſame operation. And the action of this fire is the more 
remarkable, on account of its being unmixed with any heterogeneous matter 
| and material fewel ; whence we are ſhewn the force of the action of ſimple 
| pure elementary fire upon bodies expoſed thereto z which, by a nice inquiry, 
| ſeems reducible to two effects, namely diſſipation and vitrification. (1) It 
inſtantly diſſipates all ſuch 1 and ſolids as are volatile in the fire: and, 
| (2) It vitrifies almoſt all the fixed ſolids yet known, that are not diſſipated 
thereby. Theſe, we have already frequently obſerved, are all the effects 
diſcoyerable in the greateſt degree of fire,  procutable by all the means hi- 
therto found out for this purpoſe ; but as fire may poſſibly be collected, and. 
| increaſed to infinite degrees, it would be wrong to imagine that its ultimate 
| E action upon bodies is determined. On the contrary, the greateſt : 
own degree of fire, is but the beginning, as it were, of the greateſt de- 
gree poſſibly producible. And fince it appears, that the ſmall increaſe of 
fire from the extremeſt cold to the intenſeſt heat; by the union of the foci 
of Villette's and Tſchirnhauſe*s glaſſes, produces ſo many ſeveral and wonder- | 
| ful effects; what folly muſt it be fer a perſon to conclude, that he has 
gain'd a complete knowledge of the action of fire on bodies? | 
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26. (20) Again, it appears that elementary fire, being once collected in ½ , ,,... | 
| any place, from whatever cauſe, may be there preſerved by a ſuitable pabu- fred. 

| lum; which is always either alcohol, vegetable, foffil, or animal oil: and 

ö that ſuch fire, thus ſupported, may be ſurprizingly encreaſed by the _ 

| kth tional 


: 

a . to have increaſed about twenty-three grains; © many other bodies. 

; '* though all the calx we could eaſily ſeparate,. * And this phænomenon, which ſhews us 
e * being weigh'd by itſelf, amounted to near what light, and fugitive particles of mat- 
it eighty grains, ter may permanently concur to the com- 
e Wie received this further information from * poſition of ponderous and fixed bodies, will 

N dur experiments, that bodies very ſpirituous, perhaps afford uſeful hints to the ſpeculative; : 
f fugitive, and minute, may, by being aſſo- * eſpecially, if this ſtrict combinationzof a 
r . cated with proper particles, tho' of quite *© ſpirituous and fugitive ſubſtance with ſuch 
2 mother nature, ſo £4 e their. former qua | © as being groſs. and unwieldy, are leſs fit. 
n „ties, as to be arreſted by a ſolid and pon- than organrzed matter, to entangle or de- 
e pi derous body to that degree, as not to be *© tain them, be applied, as it may be, with 
I driven away from. it by a fire intenſe e- advantage, to thoſe aggregates of ſpirituaus 
d nough to melt, and calcine metals. For the © corpufcles and organical parts, that make 
s «2 "<going trials ſeem plainly to diſcover, up the bodies of plants and animals. And 
4 2 that even the a itated parts of flame, minute. this hint may ſuggeſt a conſiderable infe- 
a « ©20uph. to. pals through the pores of glaſs . © rence-to. be. drawn from the operation of 
) ue! » Were ſome way entangled among the * the ſun on appropriated ſubjects ; ſuppoſing 
; 7 are ms" particles of tin and lead; and * it to prove like te flime of tin and lead. 
8 « ſereby brought to be ſo fixed, as to endure Boyle Abe. Vol. II. p. 388, & ſeq. 


** though the neighbouring ſurface, and ſome 
6 2 of the lump itſelf, look*d by candle - 

ight of a golden colour. The lump and 
„ide calx together were weigh'd in the ſame 
«ſcales carefully, when we Band the-weight 


ns 


dle heat that keeps thoſe metals in fuſion, 


* 


« and gradually reduce them to calces; a 
phænomenon that one would not eaſily look 
for, eſpecially conſidering how ſimple a a 


© texture that of lead or tin may be, in com- 


* pariſon of the more elaborate ſtructures of 
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tional gravity of the incumbent atmoſphere, and a large ſupply of oleous 
fewel, intimately mixed, in a proper quantity, with other heavy matters, and 
briſkly blown with ſeveral large bellows, all directed to the ſame centre of 
the fire. The ultimate effect of the greateſt known degree of ſuch fire, is 
the production of phoſphorus in animals and vegetables, of glaſs in vegetables, 
and the fuſion of gold in foſſils, which undergoes no change therein. 

27. (21) Having now explain'd the chief phyſical ways hitherto known 
of collecting and * fire in _ place, it remains to ſpeak of another 
very wet and frequent manner of doing the ſame, viz. by the mixtion 
of different bodies together; in which there occurs a great number of ſur- 
priſing effects and phænomena: we ſhall only ſingle out a few. 


Of producing Heat by the mixture of vegetable bodies. 


T, Aturaliſts have long ago obſerved, that a conſiderable heat or cold 
are ſometimes produced, from the mere mixing of certain different 
bodies intimately together, though there | exiſted no ſuch heat or cold in ei- 
ther of the bodies before mixtion; nor does it continue longer than while 
— are mixing ; which being finiſhed, the new heat or cold ceaſe, and the 

bodies return to the ſame temperature, which they had before mixture. 
2, This hiſtory was firſt begun by the Lord Bacon, and compleated by 
Mr. Boyle and Dr. Hook. Some articles of it I ſhall now exhibit z in order 
to which it may firſt be neceſſary to give ſome account of the inſtruments, 
Plate v. Which I ſhall uſe therein. [ABC is a large thermometer, filled with fine 
Fig. I. ſpirit of wine, and faſten'd to a groove in the middle of a board, in ſuch 


manner, as that the lower part MBA remain at liberty from the wood, that 
veſſels may be the more commodiouſly placed under the ſame ; on the board 
EG are mark'd the numbers of the degrees of the aſcending and deſcending 
Hquor, which will be the more vifible, if the board be painted black, and 

the figures white. Laſtly, a veſſel full of liquor is applied under the inſtru- 
ment in ſuch manner, as that the whole thermometer AB remains within the 
veſſel, in a fluid of the ſame degree of warmth with the thermometer itſelf: 
coins Yeung in this ſituation, and another fluid being poured in, and mix'd 
by ſtirring it about with a glaſs tube, the thermometer will then indicate the 
change in reſpect of heat and cold produced by the mixture, 


EXPERIMENT I. 


| / 
Heat from 3. Having in one veſſel two ounces of rain-water, brought to a great degree 
and u of of purity by diſtilling with a flow fire in a tall veſſel ; and in another veſſel the 
„, fame quantity of common ſpirit of wine, I examine both fluids by a {mall 
thermometer, and find the heat of each of them 44 degrees; then placing 
one of the veſſels under the thermometer above deſcribed, which alſo de- 
notes 44 degrees of heat, I ſuddenly mix the water and ſpirit of wine gez, 
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by pouring one into the other, and ſtirring them about with a glaſs tube 
of equal coldneſs; the reſult is, that the liquors grow hotter, ſo that the 
ſpirit in the thermometer riſes to 52 degrees: whence we learn, 1. That 
pure water and ſpirit of wine were equally hot in the air before the mixtion. 
2. That the air, ſpirit of wine and water were equally hot before the mix- 
tion, 3. That air and water, or ſpirit of wine and air, remain equally 
hot after mixtion, as before. 4. That water and ſpirit of wine, when 
mixed, preſently grow hot; and this not from any heat which before pre- 
exiſted in them, in regard they were equally hot or cold. 5. But from ſome: - 
phyſical cauſe latent in them, and which after mixtion immediately turn'd 
them hot. 6. That this heat produced by the mixture does not continue 
longer than the act of mixtion continues; which being compleated, the heat 

es, even tho? we continue ſtirring more n—_—y than before. 7. That 
the whole phyſical cauſe therefore of ſo conſiderable a heat here produced is 
the application of the particles of ſpirit of wine to the particles of water; at 
the moment of the contact between which fire is produced, which pre- 
ſently diſappears again after the contact is compleated. 8. That the fire 
produced, or render'd manifeſt by this mixture, is true elementary fire, as 
8 from its effect on the thermometer. . That a conſiderable quantity 
of the heat produced muſt have been loſt, before the thermometer could have 
been heated to ſuch a degree. 


EXPERIMENT IL 8 


4. Again, I take two veſſels, in one of which is the ſame quantity of the Fater and! 

former water, but heated to 44 degrees, and in the other an _ quantity el. 
of pure alcohol, exactly of the fame degree of heat as in the former ex 
riment, which is found by the thermometer's noting the ſame degree: 
then mixing the two together as before, the thermometer riſes to 62 degrees. 
—Hence, (1) We infer all the ſame particulars already enumerated in the 
formerexperiment. (2) Water and alcohol mix'd together heat much more 
ſtrongly than water and ſpirit of wine. (3) The cauſe therefore of ſuch greater 
heat depends only on the proportion of the alcohol to the water. (4) Water, 
When poured on alcohol, occafions a greater degree of heat in the fame, 
than the alcohol had before, notwithftanding its great ſimilitude with fire; 
for alcohol, if mix*d with alcohol, does not generate any further heat, which 
water mixed with alcohol does. (5) The leſs alcohol this water has in it, 
that is, the purer it is, the greater heat it produces by mixtion with alechol, 
and vice ver/d, 4 | 


EXPERIMENT III. 


5. Take two ounces of alcaliſed alcohol, and as much of the pureſt gie ale- 
vater; before mixture they will be found equally cold, viz. in 41 degrees, r | 
Which is alſo that of the thermometer; but upon mixing them the heat ariſes 


. to- 
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to'54 degrees. Hence we learn, (1) The ſame particulats above ſpecificd in 
the firſt and ſecond experiments. (2) That Water and. alcaliſed alcohol, 
by mixtion, produce a greater degree of heat than water and ſpirit of wine; 
hut leſs than water and pure alcohol. (3) That the cauſe therefore of thi 
increaſe of heat is in the alcohol and water alone. «obs 
The cauſe of 6. Theſe may be compared with ſeveral experiments of M. Geoffroy, which 
the heat kere ſhew a conſiderable production of heat; in all which, beſides what has al. 
2 ready been obſerved, one of the moſt remarkable things is, that the hez: 
9 was Wholly generated at the moment of the mixtion, and increaſed not the 
leaſt aſterwards; whence. the ſooner this was effected, the greater degree of 
heat was alſo produced; and the more lowly and ſucceſſively the mixtion 
was, the leſs heat was always produced by the ſame quantity of in- 
redients (7), In effect, when once the mixture is compleated, fo that the 
| £veral parts of the water are in contact with thoſe of the alcohol, no fur- 
ther heat is to be expected; for though the mixture be ſhook with the 
greateſt vehemency, the degree of heat will ſtill remain the ſame, and even 
preſently after will begin to abate, which it will continue every moment to 
do, till in a ſhort time it have return'd to the degree of heat found at 
that time in the external air. Hence again we learn, (1) That at the 
point of time when the attraction ariſes between the particles of the alcohol 
and the water, the phyſical cauſe which colle&s the heat ariſes alſo; but 
what this ſhould be, may be hard to ſay; yet thus much is obſerved, 
that about the moment when this mixtion is made, the tranſparency of 
both fluids is conſiderably diſturbed, and they continue in ſome meaſure 
| opake, ſo long as the heat here produced continues, and when this is va- 
| niſhed become limpid again. At the ſame time alſo there ariſes a great num- 
ber of ſmall bubbles, which gliding through the mixture quickly break, 
. vaniſh, and riſe again; but after "the heat is once produced, we 5 6 
| them no- longer. - Whether: theſe bubbles by their motion produce the heat 
| itſelf, or whether they themſelves are produced by, the heat, from the 
| rarifaction of the aerial particles whilſt they are heating, will be difficult to 
j aſſign. | , 
| 175 — (2 Thus much at leaſt we learn hence, that this heat does not im- 
mediately depend on the contact between the united ſubſtance of the two 
ingredient. liquors, but rather on, ſome other cauſe, which itſelf depends 
on that firſt union of the parts. Whence it ap probable, that the 
whole heat thus produced, only exiſts a moment of time; which ſeems ver} 
ſurprizing 3 gun-powder itſelf ſcarce catching flame quicker, on the applic- 
tion of a ſpark, Gan this heat is produced by the mixtion of two fluids. 
= 8. (3) The nearer we look into theſe things, the more dubious ſtill we 
— | grow about the true cauſe which here collects the fire; whether it be the 
| reciprocal attraction between the particles, where by approaching they 
C violently upon each other, and by ſuch; colliſion agitate the elementary fire: 
or whether it be the attraction and repulſion immediately ſucceeding, which 
produces ſo inſtantaneous an attrition as to generate heat; ſo that w | 
attrition ceaſes, all things return to their former reſt. 
5 WD 
% See Mem. de Þ Acad. R. de Scienc. an. 1723. p. 53. 
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9. (4) And as this heat ariſes by mixing of water and alcohol together, 
whether they had ſeparately this or that degree of heat before the mixture, 


fnce a new proportionable increaſe of heat is always found after the mix.' 


ing, it follows that alcohol, mixing with the watery part of our blood, 
may heat it very ſuddenly to a certain degree, and for a certain time, be- 
yond which it will have no effect. 

10. (5) Hence alſo cold moiſt bodies may be heated by friction with al- 
cohol ; whence we may conceive the effects of baths and fomentations 
made with alcohol. 


EXPERIMENT IV. 
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ö M | 
11. If we mix pure water with the fineſt generous wine after the ſame Ne and 
manner as the former, when the mixtion is compleated, there will be no water. 


ſenſible increaſe or diminution of heat; ſome ſlender, but ſcarce ſenſible 
warmth indeed appears excited. Whence it follows, firſt, that water and 
wine, which are equally hot in themſelves, continue likewiſe, after mix- 
tion, of the ſame degree of heat as before. (2) That the application, there- 
fore, of wine does not of itſelf heat either more or leſs than water; conſe- 
2 the heat imparted to the human body, by drinking wine, does not 

pend on the heat before exiſting in the wine, and communicated thereby 
to the juices, ſo much as on its ſtimulus, whereby the velocity of the blood's 


motion thro? the veſſels is increaſed, and conſequently the attrition between 


the veſſels and their contents. | 


EXPERIMENT V. 


12, Water, and ſtrong diſtilbd vinegar, which before in the air were ater and 
equally hot, being ſuddenly mix'd 1 no new heat, but . 


remain at the ſame degree as before mixtion. hence it follows, (1) That 
water and vinegar are equally hot, and this either when ſeparate, or mixd 


| together, (2) That the cooling virtue of vinegar, with regard to the hu- 


man body, ſo much celebrated by phyficians, muſt on ſome other 
cauſe than the cold naturally inherent in it. 


EXPERIMENT. VI 


13. Oil of tartar per deliquium, and pure water taken in equal quanti- Oi! of tartar 
ues in two veſſels, are found equally hot with the external air, and after mix- and water, 
55 them ſuddenly and intimately together, they ſtill retain the ſame degree 


all 


heat —Whence, (1) That liquor, which to us appears the moſt fiery of 
others, is in reality no hotter than pure water; nor is water at all colder 
— that moſt heating of all fluids: This might appear a paradox to a per- 
unacquainted with the above * 3 but in reality nothing —_— 

y | 2 
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(2) The fame fiery liquor, when mix'd with water, does not abate any 


thing of the coldneſs thereof. (3) A fixed fiery alcali, after being diſſolved 


In a ſufficient quantity of water, can raiſe no further heat in any other water. 


(4) This alcaline fluid, when mixed with the watery part of the bl 
cannot excite any heat therein. 12 


EXPERIMENT VII. 


Water and vil 14. Water and diftilPd oil of turpentine, when ſeparate, are of the fame 


of turpentine, 


ſtirred about, there appears not the leaſt addition of heat. 


degree of heat with the atmoſphere at that time, as appears by examining them 
with a thermometer; and even when intimately mixed, and vehemently 
Hence again, 
(1) An effential diftilPd oil, which commonly warms the human body to 
a degree, and preſerves it ſo powerfully againſt cold, is in itſelf, in rea- 
lity, no hotter than pure cold water. (2) This oil, which in many re- 
ſpeas approaches ſo near the nature of alcohol, yet being mixed with water, 
adds aching to its heat; whilſt the mixture of alcohol makes ſo conſide- 
rable an addition, as above ſhewn : which further confirms the doctrine a- 
bove delivered, of the firſt acceſs and contact of the alcohol and water bing 


the chief cauſe of the heat there produced. (3) Therefore the admixture 


Alcohol and 


this oil with the humours of our body cannot increaſe their heat. 


EXPERIMENT VII. 
15. The ſureſt fign of the perfect purity of alcohol is, when it can be 


2 of turfen- intimately mixed with a diſtilbd oil by only ſhaking them together; ſince the 


leaſt quantity of water in it, will render ſuch intimate mixtion impoſſible. 


16. Taking a quantity of ſuch alcohol, which in the air is equally hot 


Difilldvine- 17. Diſtill'd vinegar and oil of turpentine, when ſeparate, are of th 


with another quantity of pure ætherial oil of turpentine, and mixing them 
together, we find them unite like alcohol with alcohol, without mak- 
ing the leaſt | alteration in the degree of heat that each of them had be. 
fore mixtion, which thoſe acquainted with the former experiments would 
ſcarce have expected. Hence we find, that the particles of alcohol wil 
diſſolve and mix with thoſe: of oil, almoſt as perfectly and equally as with 
thoſe of water, yet without product any heat thereby; and conſ uent!y, 
that alcohol, when mixed with the al in our juices, will not increaſe theit 
heat, though when mixed with the watery part of our blood it may: ſuch 
new unforeſeen events ariſe in nature from mixing different bodies together. 


EXPERIMENT IX. 
e ſame 


gar and oil of heat as the air at ſuch time, ſuppoſe 44 degrees; but if ſlowly and graduallſ 


turpentine. mixed together may increaſe the heat to 45 degrees.— Hence, (1) mm 


— 
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and oil of turpentine are of equal heat in themſelves. (2) But blending them 
together, produces a further degree of heat. (3) Hence we begin to perceive 
the power of acids to generate heat with oily bodies, even tho? the acidity 
be in the ſmalleſt quantity; ſince by M. Homberg's obſervations it appears, 
that the quantity of true acid found in the ſtrongeſt vinegar does not exceed 
an goth part of the whole (u). (4) Vinegar, therefore, by mixture with 


* 


oil, produces ſome heat. (5) Vinegar differs in this from water. 
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EXPERIMENT X 
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18. Taking the ſame vinegar and alcohol as in the former caſe, and find - inger and 
ing them, on trial, of the ſame heat as air, we mix them together, and im- alcobol. 6 
mediately a ſenſible heat ariſes; ſo that the thermometer mounts, for in- 

ſtance, from 42 degrees, at which it ſtood before the mixtion, to 52 degrees. 

— Hence we perceive, (1) 'That alcohol and vinegar are of equal heat in 

themſelves. (2) That being mixed together they produce a much greater 

degree of heat. (3) That alcohol grows much hotter, when mixed with vi- 

negar, than with oil. | CHIEN | 
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EXPERIMENT XI. 


19. Oil of tartar per deliguium, and oil of turpentine, before mixtion, Oil of tartar 
were each found to have 45 degrees of heat, and after mixtion the thermo- 24 01 of ture 
meter roſe to 48 degrees. Whence, (1) Thoſe two fluids are of equal . 

3 in themſelves. (2) Mixing them together, produces a conſiderable 


EXPERIMENT XI. 


20. The ſame vinegar and oil of tartar per deliquium, which ſingly in the Vinegar and 
ur are found equally hot, for inſtance of 46 degrees, being ſuddenly and 0i/ of tartar. 
j coughly mixed, remain exactly in the ſame degree. In this experiment 
1 made uſe of three parts of vinegar to one of oil of tartar. Hence it ap- 
pears, that the mixture of oppoſite ſalts does not produce fire. 


EXPERIMENT xm. 


21. Alcohol and oil of tartar per deliquium were found of the ſame heat lobe! and 


With the ambient air, and being mixed in equal quantities as intimately as 6 of tartar. 
might be, roſe from 64 to 68 degrees. * F 


(4) Mem, Arad. Rey. V. I. p. 52. 
| Yy 2 EXPE- 


5 3 


_ len BY: 


wars, 9 0 E X P E R IM ENT XIV. 


Alobo / and 22. Having "Ix alcohol / in a a phial of the ſame heat with the air, viz, 
alt of tartar. 2:9 degrees, and pouring into it ſome pure dry * ane falt of tartar, 
the thermometer immediately rofe to 51 degrees. 


EXPERIMENT xv. 


2 23. By adding ſome dry fixed alcaline ſalt of tartar to three times the 
warts - quantity of pure water, RE e Ti er A 


"EXPERIMENT XVI. 


The fame and 24. CE Bs Low file: of tartit' with three times the 
vinegar. quantity of vinegar, the thermometer riſes from 43 degrees to 49. 


EXPERIMENT XVII. 


Th ow and 25, By mixing the ſame falt of tartar with three times the quantity of oil of 
74 u pen turpentine, the thermometer riſes from 43 degrees to 48. 

: 26. Hence we learn, (1) That the ſimples procurable from vegetables by 
chemiſtry are naturally of the ſame o& heat, viz. the ſame with that of 
the — at fach time. (2) That ſome of thoſe above ſpecified con- 
tract a further heat at the time of their mixtion ; but that this heat does not 
continue longer than while the mixtion is making which being once com- 
pleated, the additional heat difappears, and the mixture returns to the tem. 

re of the air at that time. (3) That this acceſſion of heat therefore 
does not ariſe out of the ſubſtance K the mixed bodies, but reſults only from 
| . their preſent union. (4) That alcohol and water are the chief ve _ 
2 which have this power of generating heat. 059 That ſalt o 

2 and water are the principal ſolid and fluid bodies, which by their at owe 
together produce the greateſt heat. (6) That alcohol and ſalt of tartar 7 
the 2 — to theſe. We proceed now to examine the Le of 

anim 
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Of producing Heat by the mixture of animal and vege- 
| table Subſtances. 


EXPERIMENT I. in various manners, 


1. HE freſh urine of a healthy man being kept in the air, ſoon returns Experiments: 


to the temperature thereof; and after this, if it be mixed with an 7 7m 

quantity of water of the ſame degree of heat, the thermometer remains 
at the fame height as before. | er, Nr 

If it be mixed with alcohol, the heat will riſe from 38 degrees to 49. 

Mixed with oil of turpentine, no alteration is produced, -_ _ 

With ſalt of tartar, it riſes from 38 degrees to 39. ; 

With the ſtrongeſt vinegar, no alteration is perceived, | 

With ſpirit of urine, no alteration. | 

With falt of urine, it ſinks two degrees. 

With ſpirit of nitre, it riſes from 38 degrees to 43. 

With ſpirit of ſalt, it riſes from 39 degrees to 43. 

With oil of vitriol, it riſes from 39 degrees to 54. - \ 2 


EXPERIMENT II. in diferent manners. 


2. The urine of a healthy man being kept a long time in a cloſe veſſel, 
and hereby much * is found of the ſame degree of warmth as the 
air in that time; and being mixed with an equal quantity of pure water, makes 
the thermometer fink a little. b N 

Being mixed in the ſame manner with alcohol, the heat roſe from 38 de- 

grees to 45. enn | | 

With oil of turpentine, no change is perceived. 

With alt of tartar, it fell from 38 degrees to 36. 

With the ſtrongeſt vinegar, it roſe from 47 to 38. 

With ſpirit of urine, it fell from 38 to 36. | 

With falt of urine, from 38 to 32. ; + 

With ſpirit of nitre, roſe from 38 to 40. | | 

With ſpirit of ſea-ſalt, from 38 to 41. 

With oil of vitriol, from 38 to'45.. 


EXPERIMENT III. in various manners. 


3. Salt of urine, procured by diſtillation from freſh urine, without any Salt of urine, 


Other addition except ſand, being mixed with water, after the manner fo 
often already ſpecified, made the thermometer ſink from 40 degrees to 38. 


With 
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With alcohol, it roſe from 40 to 41. 

With falt of tartar, from 40 to 45, | 

With the ſtrongeſt vinegar, it fell from 43 to 41 z and with the ſame yi. 
negar inſpiſſated to half the quantity, from 42 to 44. 

With ſpirit of nitre, from 43 to 0. 


EXPERIMENT IV. in different manners. 


4. Taking ſome of the ſtrong volatile alcaline ſpirit, prepared with equl 
tities of ſal ammoniac and falt of tartar, and mixing it with an equal 
quantity of ſtrong ſpirit of vinegar, the two liquors, which before mixture 
were equally hot with the ambient air, made the thermometer riſe after mix- 
tion from 44 degrees to 48. : 
With the ſtrongeſt vinegar, inſpiſſated to half the quantity, from 44 degrees 


to 47. | | 
With — of ſalt diſtilPd with bole, and then rectiſied, from 46 degrees 
to 64. | 
With ſpirit of nitre diſtill'd with bgle, from 46 degrees to 82, 


Of producing Heat by the mixture of foſſils. 


EXPERIME N T I. in various manners. 


i. } JF PON mixing | 3 ounces of pure water, when 47 degrees hot, 
J with one. ounce of pure nitre finely powder'd, the thermometer 
finks to 36 degrees, | | 1 517 

2. Mixing 1 ounee of pure borax with 3 of pure water, 48 degrees hot, 
the liquor in the thermometer falls to 45 degrees 3. | 

3. Mixing 1 ounce of ſea - ſalt with 3 of pure water, 46 degrees hot, 
the thermometer falls to 43 degrees. | 

4. Mixing 1 ounce of ial ammoniac with 3. of pure water, 47 degrees hot, 


fa 


the thermometer falls to 28 _— 


5. Mixing 1 ounce of oil of vitriol unrectified, with 3 of pure water, 45 

* hot, it riſes to 60 degrees. | 
FL.” Mixing 1 ounce of 7 5 of vitriol unrectiſied, with 2 ounces of pur 
cohol, 47 degrees hot, it riſes to 60 degrees. "44 
7. Mixing 1 ounce of oil of vitriol unrectified, with 3 ounces of diftill'd 


vinegar, 46 degrees hot, it riſes to 60 degrees 


8. Ceruſe being mixed with weak aqua Fortis, in the act of ebullition 


riſes from 44 degrees to 57, 


'< - 
Fr o 


9. Tin-filings mixed in agua regia, during the ebullition, raiſes its heat 
from 44 to 56. Iron-filings in aqua regia, while the ebullition holds, 
it from 44 degrees to 160 degrees. 555 j 
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10. I have made numerous other experiments of this kind, which it might 
be tedious to recite ; but one thing we may obſerve, that if all the ſimple 
bodies, whoſe hiſtories we have given among the vegetable, animal, or 
foſſil claſſes, be examined in ſuch order, as that, firſt, obſervation be 
made of the phænomena ariſing, when by the laws of combination they ap- 
pear ſeparately in each fingle claſs ; and then, after the like manner, the 


(u) © Take ſome ounces of ſtrong oil of vi- 
« triol, and ſhaking it with three or four 
times its _ of common water; though 
* both theſe liquors were cold when put to- 
« oether, yet in their mixture they will im- 
% mediately grow intenſely hot, continue 
*« conſiderably ſo for ſome time. | 

« By 1 a conſiderable quantity of 
« dry ſalt of tartar in the palm of my hand, 
and wetting it well with cold water, there 
© has been a very ſenſible heat produced in 
« the mixture: and when I have made the 
* trial with a large quantity of the ſalt and 
water in a r e heat proved very in- 
« tenſe, and continued to be ſenſible a 
long time after. | 

Ii known that falt-petre being put 
into common water, produces a ſenſible 
* coldneſs therein, as it doth alſo in many o- 
ther liquors ; but that the ſame ſalt, put into 
a a liquor of another conſtitution, may have 
A ug different effect, appears by mixing 
eight ounces of fine ſalt-petre in powder, 
© with fix ounces of oil of vitriol : for here a 
* ſalt, not only actually cold, but with re- 
** gard to many other bodies, potentially ſo, 
mixed with oil of vitriol, which is ſenſibly 
cold too, quickly conceives a conſiderable 
degree of heat, whoſe effects alſo become 
file in the plenty of  fames, emitted by 
i the heated mixture. And tho' gun-powder 
© ſeems to be of a very fiery nature, yet if 
3 ſome ounces of it, reduced to a powder, be 
|: into four or five times as much 
© Vater, it will very manifeſtly impart a 
2 coldneſs to it, as experience made with, as 
; well as without, a ard thermometer, has 
. 2 me. 
„„ have made an experiment, ſays Mr. 
© Boyle, in which two . ad one 
„ Fas natural, did, by being ſeveral times ſe- 
. Parated, and reconjoined without addition, 
=. each conjunction produce a ſenſible heat. 
1 An inſtance of this kind we have in ſalt of 
* — from which, after it had been once 
4, ated by the affuſion of water, we ab- 
| lirated the liquor without violence of fire, 
© ll the ſalt was again dry ; and then put- 


ſimples of each claſs be mixed together; we might ſoon arrive at a compleat 


authentic hiſtory of the heat ariſing from the mixture of different bodies (u). 


By 


« ting on water a ſecond time, the ſame falt 
ac grew hot again in the phial, and produced 
the like heat a third time, and might pro- 
* bably have done it oftner. 

«« Perhaps: the heat may much depend on 
the particular diſpoſition of the calcined 
body, which being deprived of ics former 
* moiſture, and made more porous by the 
* fire, acquires, by means of thoſe igneous 


*<« effluvia, ſuch a texture, that the water, im- 


*« pelled by its own weight, and the preſſure 
of the atmoſphere, is able to get into a, 
« multitude of its interſtices at once, ſuddenly 
« difſolve the alcalizate ſalts it every where 
% meets with; and briſkly disjoin the earth 
and ſolid particles that were blended with 
them, which being exceeding numerous, 
* though each of them [vloy = be very mi- 
* nute, and moves but a very little way, yet. 
their multitude makes the confuſed agita- 
* tion of the whole aggregate, and of the 
particles of the water and ſalt, vehement 
enough to produce a ſenſible heat.” 

And the ſame that is here ſhewn of hear, 
does likewiſe appear of its oppoſite, cold. 
« Mr. Boyle obſerves, that a more intenſe de- 
*« gree of cold may reſult from a mixture, 
than was to be found in either of the ingre - 
«« dients a-part ; and alſo that a confiderable 
* coldneſs may be begun between bodies, nei- 
ther of them actually cold before they were 
put together. Having brought a glaſs full 
« of water to ſuch a temper, that its warmth 
© made the ſpirit of wine in the ſealed wea- 
< ther-glaſs manifeſtly aſcend, I took out the 
thermometer, and laid it in powder'd fal- 
„ ammontac, warmed before-hand, whereb 
the tinged liquor was made to aſcend muc 
* quicker than juſt before by the water; and. 
having preſently removed the inſtrument 
into that liquor again, and poured the 
„ warmiſh ſal-ammoniac into the ſame, I 
« found, that within half a minute or leſs, the 
« ſpirit of wine un to ſubſide, and fell 
© above a whole diviſion and 4 below the 
„ mark at which it ſtood in the water, be- 
« fore the liquor or ſalt were warmed. Nor 


« did the ſpirit in a great while re-aſcend. 
to 
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———By'the way it may be obſerved, that the experiments which I have 
here rehearſed, were not made with all the accuracy poſſible, but many of 
them too haſtily, for fear of prolonging time; beſides, that in regard of the 


great number of my {| 


tors, I found it neceſſary 
thermometers, which, it is evident by the great bulk of the 


to make ule of lige 
rt immerged 


in a ſmall quantity of liquor, muſt make a conſiderable alteration in the heat 
or cold produced in the mixture by drawing it to itſelf, and thus changi 
the event. The experiments therefore, for theſe reaſons, muſt not be lock 
on as ſtrictly and accurately juſt, For ſuch as are _—_ to repeat them, 


I would recommend #abrenheif's excellent mercu 


thermometer, which 


I uſed in the above-mentioned experiment of producing cold by means of 


ſal· ammoniac. This inſtrument is exc 
heat and cold ; and can make very | 


mined thereby. 


at I height it had when the water was 
* cold. | 


« We took a ſmall ſealed thermometer, 


* whoſe ſtem was divided into equal parts by 
« litle ſpecks of amel, that ſharp liquors 
* might not eat off, nor ſpoil the marks, 
“The ball of this inſtrument we put into a 


„lender cylindrical veſſel, and more than 


% cover'd it with ſtrong oil of vitriol ; and 
« left it there a while to be reduced to the 
*« temper-of the ſurrounding liquor; then we 
* caſt upon it by degrees Hi cmpodinc well 
powder d, which being ſoon furiouſly wrought 
upon by the menſtruum, a ſeeming efter- 
<« veſcence was produced in the conflict, with 
great noiſe and much froth, which more 
than once was ready to run out of the veſſel. 
< But for all this ſeeming ebullition, the mix- 
ture, inſtead of proving hot, did really grow 
* 22 colder, as n not only to 
dhe touch, but by the deſcent of the tin 

* ſpirit of wine. But pouring this actually 
* cold mixture, into three or four times its 


weight of common water, which was like- 


* 


* wiſe actually cold ; this ſecond mixture 


eedingly ſenſible, even of the ſmalleſt 


teration in the liquors to be exa- 


10 immediately grew ſo hot, that I could not 
keep my nger for a minute or two upon 
* the outſide of the containing glaſs. 

* To 12 ounces of ſakammoniac we put, 
« by degrees, an equal weight of water; and 
« whilſt the liquor diſſolved the falt, and by 
the action produced a great coldneſs, we 
A — poured in 12 ounces of good oil of 
vitriol; whence a notable degree of heat 
was quickly produced in the glaſs, wherein 
the 1 were mixed, tho! it ſeem'd 
« unlikely, that the two liquors, which u- 
% ſually with fal-ammoniac do each produce 
an intenſe cold, ſhoald, upon acting toge- 
ther, produce the contrary quality. 

In moſt of the experiments hitherto pro- 
% poſed, cold is regularly produced in a me- 
« chanical way ; but in ſome ſort of trials, I 
« found the event varied by unobſerved cir- 
< cumſtances, ſo that manifeſt coldneſs would 
* be ſometimes produced by mixing two bo- 
dies together, which at another time 
upon uniting diſcloſe a manifeſt heat; 

& ſometimes again, tho' more rarely, 
* have but a very faint degree of either.” 


- 


bh oo” 7 


The Theory of CnxulsrRv. 


Of producing true Fire in a cold body, by the ſole 
acceſs of the Air. | 


. H E unwearied induſtry of the chemiſts has been continually dis. r 
covering new things, unknown to former ages; among which / pho/phori. 


there 1s 3 more remarkable, ſetting gun - powder aſide, than that a 
body ſhould be hereby produced, which, though cold, like all other things, 
when kept cloſe from the air, is no ſooner expoſed thereto, and its ſurface 
brought in immediate contact therewith, than it conceives fire, and breaks 
into flames; without the mediation of any other body, or without mecha- 
nical attrition, or the application of any fire to it. Such bodies are called 
phoſphori, and of ſuch alone we ſhall here treat, as not including under this 
name thoſe others which only ſhine in the dark, without kindling fire. 


2, In the firſt place, therefore, the juices of animals, eſpecially when Anal. or 


ts, Viz. their vo- Kunkel's 
phoſphorus. 


pr and deprived by fire, of all the volatile 
atile ſalt or oil, leave a ſort of coal behind them, which being mixed with 
three times the quantity of ſand, or of charcoal-duſt, or with double the 
quantity of charcoal, and half of alum, and the whole gradually diſtill'd in 
a retort made of crucible earth well luted, by an open reverberatory fire, 
continually increaſed, till it be raiſed to the higheft pitch, and there conti- 
nued equably for a long time, the retort being withal ſo fitted to the furnace, 
that the mouth of its beak may touch the water in the receiver, which is 
duly luted on for the purpoſe ; the fire at laſt, after cauſing fumes, will raiſe a 
ponderous grey matter, which falls in grains to the bottom of the water, is 
not diſſolvable in water, but Jiquifiable by fire, and capable of being melted 
thereby into maſſes under the water. This is that called the 2 of 
Krafft, Kunkel, and Boyle z which, if kept in a cloſe veſſel under water, and 
cold, may be preſerved good for a long time. But when the air becomes 
hotter, it may be ſeen to Haſh in the dark thro? the water it lies in, and when 
expoſed to an open warm air, will emit light, and if the air become a little 

ter, a conſtant ebullition of the internal parts of phoſphorus may be per- 
ceived by a microſcope, ſoon after which it kindles, flames, and conſumes 


away, only leaving behind an oil of vitriol, or ſome other fluid much like it in The cauſe of 
acidity and weight ()). This therefore is a new and very different method burning. 


from 


0) Phoſphori in geteral, fays M. Lemery, with reſpect to fire, #.e. no body which at- 
rand be conſidered as ſo —— unges full of tracts it by any peculiar virtue, more than 
» Or the matter of light, whic jo fo weak! other ; yet our author furniſhes ſome con- 
an therein, and b ſo lender a hold, fiderations on phoſphori, which ſeem to evince 
171 2 ſmall external force is ſufficient to put the contrary, © t the fourth way of col- 
ing. 2 condition to exhale in 4 lucid form, . lefting fire, ſome have obſerved, is in ſome 
— even to burn the bodies that ** meaſure magnetical, i. 6. performed by 
I um means of certain bodies, iarly diſpoſed 
ac den been above obſerved, that there is * to imbibe and retain fire. For that there 
» Which can be eſteemed a magnet ** is ſome an — 
» 2 . A 46 be · 
Mem. de Þ Acad an. 1713. . | 
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from any of the former, of producing fire. Ts it that the air, which, when x 
little hotter than uſual, is always ſuppoſed to be in a ſtate of ebullition, by 
its frequent ſhakes and concuſſions makes an atttition on the phoſphorus, 
agitates its particles, and thus excites, firſt, a feeble heat, then light, and 
laſtly flame, in a ſubſtance before eaſily movable, though fixed? Tis cer- 
tain the ſame matter, in very cold weather, hardly ſhines, or grows warm, 
much leſs kindles, even when expoſed to the air; but when once it has 


catch'd fire, can hardly be extinguiſhed 
as well as the analyſis made of it by 
neareſt the nature of the pureſt common ſulphur ; only 


* By moſt of its properties, 
eflagration, it appears to come 
it is hat ſofter 


and more fufible, and more r- the nature of wax: but differs from 


both in this, that it boils an 
3. There is another more elega 


duce true burning fire. 


Paris, dated the 6th of April 1712, written 


les by ſo ſmall a degree of fire (z). 
nt manner of 
upon mere contact with the air, whether hot or cold, ſhall immediately 
This was firſt communicated to me in a letter 


ring a matter, which 
— 


by the excellent M. Homberg, 


and delivered to me by the noble Lord Haſberg, who added ſeveral obſer- 


„ between fire and certain bodies, is evident, 
among other things, from black bodies, 
« which, as already obſerved, abſorb almoſt 
«* all the fire that falls on them, whereas other 
bodies reflect a part of it, and ſome 
all. Other inſtances of ſuch t we 
dave in the phoſphorus Ba/duini and the Bo- 
* non1an tone; which when duly p have 
all the characters of attractives: thus, being 
„immediately expoſed in a dark place, they 
do not afford any light; but expoſe them 
« firſt to the ſun a while, and they will then 
„ ſhine in the dark, as having imbibed a 
«* ſtock of fire, and lodged it in their ſpon- 
* n ſabſtance, to be diſpenſed again by 
6 . The like may be ſaid of the 
phoſphorus made of human urine, and other 
«« chemical preparations, which receive ſuch 
a proportion of fire in the preparation, and 
« retain it ſo well in their unctuous ſubſtance, 
« that it ſhall keep there, in water, for 20 
years; ſo as upon the firſt laying them open 
to the air, to take fire, and exhale in lucid 
« fumes; leaving nothing behind but an acid 
« malagma, like oil of ſulphur per campanam, 
or oil of vitriol. Not that we ſuppoſe the 
fire fixed and quieſcent all the while in the 
* body of the phoſphorus ; for that it has a 
real motion all the while, is evident hence, 
that if you obſerve it in any dark place, in 


- © the ſummer time; you will find it conti- 


„ nually fulminating and emitting flaſhes ; 
« tho' with all this it ſcarce loſes any thin 
* of the fire. So that the fire is not fixed i 
the phoſphorus, but in a continual undula- 
«tory motion.” . 


"berg. in Mem. de Mathem. 


vations 


In the experiment of the phoſphorus, we 
obſerve, that water acts on the fire contained 
in the phoſphorus; as keeping it in, and 

reventing its conſumption, and diflipation. 

ence, as ſoon as the water is taken away, 
the heat and ſmoke immediately confeſs that 
the fire is breaking out. Add, that air itſelf 
does alſo ſeem, in ſome meaſure, to keep in 
the fire contained in hot water ; and hinder 
it from eſcaping ſo faſt as it does in vacw: 
Thus, heating two equal veſſels of water e. 
qually, and then putting one of them in a re- 
ceiver ; as you exhauſt the air, the water 
boil vehemently, and ſoon become barely 
lukewarm ; while the other remaining in the 
open air, has neither boiled, por loſt any ſer- 
ſible part of its heat. Something like this!“ 
obſerved in ſhining-wood ; for ſome wood 
having rotted in ground, ſhall ſhine very 
briſkly when taken out, the fire having been 
kept in by the contiguous earth: but in 2 
day or two's continuance- in the air, it ſpends 
all its light, and ceaſes to ſhine. 'Tis hard to 
ſay how fire ſhould thus be confined by am 
bient, looſe, porous bodies; or by what ac 
tion ſuch bodies ſhould produce this effect: 
preſſure, one would imagine, ſhould be alto 
gether inadequate, fince it has been ſhew 
that fire, by its extreme ſubtility, can readily 
penetrate 5 all, even the moſt ſolid bo- 
dies. £Grave/and, ibid. 
(z) See Boyle Abr. Vol. III. p. 173. — 
Slare in Phil. Tranſ. 1683. p. 1457. 

Phy. an. 1692 

p. 74, to 80. Nieuwentyt, p. 5 20. % 
man. Diſſert. Clem. Phy/. p. 336. 


The Theory of Cues Tay. 


vations of his own. The ſame was afterwards render'd eaſier, and more 
agrecable, and thus publiſhed in the Journ. des Scavans, an. 1716. p. 60, 
And as the former ow'd its origin to the curiofity of an alchemiſt, vainly 


ſeeking for the philoſopher's ſtone in urine ; ſo we are obliged for the latter 


to a perſon of the ſame ſet, with equal wiſdom ſeeking the philoſopher's 
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ſtone in human ordure. The manner of making it is this. Take ſome Hau made. 


ſoft part of an animal, cut extremely ſmall, or even ſome juice or excrement 
thereof, put it in an iron pan over a moderate fire, and keep it ſtirring with 


an iron ſpatula, till it be {corch'd and converted into a black powder. Or 


take ſome fine vegetable matter, for inſtance, the meal or flower of any ve- 
getable, burnt to blackneſs as before z to one part of which add four times the 
quantity of crude alum z make the whole into a fine powder, which being 
t in an iron pan over the fire, ſhould be kept conſtantly ftirring with a 
— till almoſt ignited, to prevent its cohering in lumps, as it is apt 
to do upon the melting of the alum, when it muſt be broke again, ftirr'd 
about, and accurately mixed with the flower, till at length it emit no more 
fumes, and the whole appears a fine, dry, black, fixed powder. Put this 
N dry glaſs phial with a narrow neck, filling it ſo high as to leave a 
thir at t 
looſe —_ ſo as to let the air paſs freely through it, and leave room 
for the fumes to come thro* the neck; then place the phial in a crucible 
encompaſſed on all ſides with ſand, ſo as it may not touch any part, ei- 
ther of the bottom or ſides of the crucible, but a conſiderable ſpace be 
every where left between the two: and the phial muſt be covered up with 


ſand, ſo as only to leave a part of it bare, through which to look into 


the inſide, and obſerve whether or no the matter in it be ignited. In 
this ſtate the crucible, with the ſand and phial, is ſurrounded with coals 
kindled lowly, till at length it be well heated on all ſides; when the fire 
is to be raiſed, till the crucible, ſand, glaſs, and matter in it be all red-hot, 
in which ſtate they are to be kept for the ſpace of an hour; after this, 
the fire being ſtill kept up, the orifice of the phial is to be well cloſed 
with wax, to prevent any air from entering: us the whole being left 
to cool of its own accord, we at laſt find in the phial a black duſty coal, 
formed of the flower and alum. A ſmall quantity being ſhaken out of the 
Phial into the cold air, immediately catches fire and burns; but ſo ſoon 
as it has once felt the air, loſes all its power of kindling thereby. This 
manner of producing fire appears the moſt extraordinary of all that have 
hitherto been diſcovered ; fince the matter thus prepared, will preſerve its 


e top of the phial empty; then ſtop the mouth thereof with a 7 


virtue three months, provided the air be carefully kept from it. Lis cer - 44 2. 


tain, in this iment the fire produces a true animal or vegetablec oal, 
of a moſt ſubtile nature, and conſequently fitteſt to catch, cheriſh, and 
keep alive the ſmalleſt ſpark of fire, as we have ſhewn in the preceding 


hiſtory of coal; and this coal, in the experiment before. us, is made drier. 


than can be done by any oth y the whole proceſs: 
y other means, as appears the whole p : 
for if the ſmalleſt is: ar of moiſture, even of that little which is lodg d 


n the air, come to touch this powder, the experiment will not ſucceed : 


& may be added, that all the air is likewiſe expel! out of it by the ve- 
232 2 1 hemence 


1 
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: hemence of fire ; for the phial muſt be carefully ſtopped at the time when 
the fire is at the higheſt degree that the glaſs can bear without melting, and 
conſequently has expelled all the air out of its cavity, and out of the matter 
contained in it: for if the air be ſuffered by any means to inſinuate itſelf 

The cauſe. again into the phial, the experiment will fail. At the ſame time, during ſo 
long a calcination, the alum, which ſeems only a lapis calcarius, corroded 
by oil of vitriol, and converted into the form of falt, becomes intirely de- 
prived of its air, water, and volatile ſpirit, teaving only a ſtrong oil of vitriol, 
deſtitute of water, and fixed in the dry remaining earth : but ſuch bodies 
being unable to bear dryneſs, on the firſt admiſſion of the air grow hot, by 
reaſon of the air ruſhing into the empty ſpaces with a force which we have 
already calculated, produce a vehement attrition between the parts thereof, 
and 45 excite fire; which being received in the fine above · men- 
tioned, is eaſily preſerved and kept alive. Whether this, or whatever elſe 
be the cauſe o fo extraordinary a phznomenon,, it appears that a cold body 
may, by the mere contact of the cold common air, without any aſſiſtance of 
fire, be ſo kindled as to conſume wholly to aſhes, and this with as much 
certainty as could have been done by means of any known fire : and per- 
haps the experiment laft recited, is the only means whereby this may be ef. 
fected as often as we pleaſe. Who then will undertake to aſſign the limits 
of the power of fire? What perſon would have thought thus much poſlible 
twenty-five years ago? And whoſhall foretel what may be diſcovered in future 
ages? What would be the conſequence, if the glaſs phial wherein this cold pow- 
der is contained, ſhould break, and the powder fall among gun-powder? 


Of Fire produced from cold foſſils, by means of Water: 


ire produced 1+ F freſh filings of iron, free from ruſt, be ſtrongly ground with an 
—＋ — equal 32 of pure ſulphur for a long — the whole be 
| formed intd a fine powder; the mixture, if kept in. a dry air, will continue 
cold for the longeſt ſpace, if all moiſture be kept from it: but if this pow. 
der be only wrought up with as much fair-water as will form it into a ft 
e, the maſs will ſoon grow warm, ſwell, heat, emit a thick ſmoke, 
and at length a ſulphurous fire and flame; and after the operation is over, 
there remains a fine blackiſh calx, which by the affuſion of water pro- 
duces a kind of vitriol of iron, much like the common vitriolum Marſis, 
made with oil of vitriol. If a large quantity of each of theſe ingredients 
be taken, e. gr. twenty-five pounds of iron, and as much ſulphur, and the 
maſs thenee formed, as before, be buried a foot deep under ground; in about 
eight hours time the ground will begin to heave and ſwell, emit hot ſulphu- 
rous ſteams, and at length burſt out into live flames; thus forming a true 
Whencs vulcano (a). For, ſulphur being an inflammable oil united with the acid oil 
of vitriol, and iron a metal always ſoluble in the acid of vitriol, and produ- 
eing an intenſe heat therein; it appears, that when theſe two ure ground 


(a) See Hift. Acad. Roy. an. 1700. P. 52. & Mem. p. 101. 
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fine, and thus come into a number of cloſe multiplied contacts, and bound 
{till cloſer together by means of water, the acid of the ſulphur begins to cor- 
rode and act on the iron, and thus excites the uſual heat; which increafing 
every moment, the diſſolution itſelf becomes continually increaſed ; and by 
the diſſolution the heat is raiſed ſtill further, till at length there ariſes a 
flame, partly from the oily part of the ſulphur, being now freed from the 
acid, which is abſorbed by the iron, and partly from the vapour of the iron 1 
diſſolved by the acid oil of ſulphur, which is exceedingly inflammable, as Al 
Dr. Hoffman has ſhewn by an elegant experiment (b). For mixing three 1 
ounces of oil of vitriol with twelve ounces of water, in a glaſs phial, whoſe neck 
was cut off, and keeping the whole in a moderate degree of warmth, and 
caſting into it at different times an ounce or half an ounce of iron- filings, he 
found a white vapour aroſe out of the neck of the phial, which emitted a ſul- bl. 
phurous garlick ſmell, and upon the application of a candle took fire like a flaſh. Y 
of lightning ; and catching within the phial, and being there violently re- | 
pelled, produced. very ſurpriſing effects: whence it appears, that the matter 

which forms theſe fumes, is much like that which the fire raiſes from alcohol. 

Hence was diſcovered a new way of exciting fire from a cold uninflammable 

ſubſtance by means of water; and no doubt there are infinite other hidden 

ways in nature, by which the ſame effe& might be produced, and which, 

rac lang, be diſcovered. hereafter, Moiſt hay thrown into. heaps, does: 

me. 


Of the produftion of Fire by the mixture of colds 


Liquors. 


L, AKING half a pound of pure dry nitre reduced to powder, Fire an 
F putting it in a pure dry retort, and mixing with it an equal quan- phone! 2. 8 
tity of pure oil of vitriol well rectiſied, and diſtilling the mixture in a mode - of mi — 
rate -heat, it will yield a liquor in form of a yellowiſh. fume, which nia! oils: 
being caught in a clean dry receiver, is the ſpiritus nitri Glauberianus. If 
now to a drachm of diſtill'd oil of cloves, ſaſſaphras, turpentine, or cara ways, 
contam'd in a glaſs veſſel, be added an equal quantity, or half as much more of 
the /piritus nitri above-mentioned, a violent flame will ariſe, however cold 
0 bodies were before the mixtion: an experiment doubtleſs of infinite uſe 
in chemiſtry, where from two cold liquors, in an inſtant of time,.ſo rapid a 
© 18 produced as conſumes both the liquors, leaving only a little reſinous 
matter, inſtead of aſhes, at the bottom. Hence again we obſerve, that 
an acid matter mixed with oily ones, abounding with the /piritus rector, 
conſtitute a ſubſtance much like ſulphur, ſince it readily kindles (c). 

2, From a careful confideration of what has been above laid down, we Elementary 
Fang perhaps be enabled to aſſert divers things concerning the nature of fre can percal. 
then it appears, that true elementary fire. is corporeal 3. * 1. 

| er 
Dig. Ph cap: 169. o ph¹t Chem. zs to 22, 123 to 127, Slare- 
See Berrich, 46. 27. 167. Hoffman, 2 N 150. p.29 


Arid moveable 3. Another general property inſeparable 
cor quieſcent. may exiſt ſucceſh 1 = 


Refs bodies. 
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under the name corporeal is included any thing geometrically meaſy. 
rable by three lines, drawn perpendicularly to each other from the {ame 
centre 3 or, as we more uſually expreſs it, an extended ſurface. Accor. 
dingly, all that has hitherto occurred to us; under the denomination of 
fire in this diſcourſe, was always extended. For ſuppoſe a ſolid filver globe 
ſuſpended by a thread, and almoſt ignited, let it fall gently into cold 
water, without making any conſiderable ſhake or agitation therein, the fire 
will diſtribute itſelf through the meaſurable ſpaces of ſuch water, heating 
thoſe moſt which are neareſt the globe, and all the reſt in proportion, and 
thus truly extends itſelf : And if thermometers be placed in the ſame water 
.at different diſtances from the globe, they will indicate different degrees 
of fire diffuſed through the body and ſpace of the water ; which ſhews, 
that there is a true mixture between fire and body, or ſpace ; and conſe- 
quently a true extenſion. In effect, the whole hiſtory of fire evidently 
proves, that fire is extended as truly as body or — itfelf, 
om bodies, is, that they 
vely in the place which 1s next contiguous to that they 
.already poſſeſs, and thus may truly be moved, whether they remain in 
the ſame ſpace, and only revolve round an axis, fo that all the parts 
continue in the ſame place, though none of them ſingly remain in the 
ſame place which it had before; or whether the whole maſs, conſiſting of 
all the parts united together, quit its former ſpace, and remove into that ad- 
Joining, and thus continue to do for ſome time: or laſtly, whether both 
theſe happen together. Now that fire is moved after this manner, abun- 
.dantly appears from all experiments ; there being none wherein fire is not 
found to have a true phyncal motion : and as mobility is ſo ſtrongly con- 
need with a power of reſting in bodies, it cannot well be denied, but that 
a body which exiſts one moment in any given ſpace, might continue in the 
Tame for two moments, which makes what we call reſt: and as all the actions 
of fire, which are performed by motion, may till be increaſed or diminiſhed, 
it appears in no wiſe abſurd to hold, that fire may alſo reſt in a certain place, 
as well as all other bodies. 0 fl ah dg "es 
4. A third liar to is, that a ſol! „ confi as 
ſuch, when ſubfifling in a certain — reſiſts with an ildaite force an) 
other body from exiſting in the ſame ſpace at the ſame time with it. This 
ſome call reſiſtance or impenetrability: Democritus, by a very ſignificant 
term, calls it arri, or repercuſſion, which expreſſes the former; for ve 
ſuppoſe nothing more is meant by the word impenetrability, than that 2 
body, tending into a ſpace already 7 prorro by another, is repelled from it; 
which uffion, if it be found in any body, certainly is in fire, which 
moves, ges, and faſhions even the moſt old matters, ſo that none has 
hitherto been found which is not changeable, even in its ſolid nature, bY 
fire; and likewiſe moveable by it, ſo as to be carried into other places, by 
the impetus which it hence acquires. If we further confider, that pur* 
elementary fire, when acting upon given bodies, is repelled and reflected 
by the ſame with a vehement force, capable of moving all other things, ne 
(hall be ſufficiently convinced of the true «vri7vriay of fire, and _ 


quently 
3 
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tly of its corporeal nature. For if the rays of fire determined by 
e ſun, fall on the cold, and therefore elaſtic or repercuſſive ſpeculum of 
M. Villette, they will be reflected in a 9 which may almoſt be com- 
puted proportionably to the aperture of the ſpeculum, into a focus; where 
they will exert their corporeal action in a violent degree: which ſufficiently 
ſhews, that fire moves with a power of reſiſting. But the argument will be 
fill more confirmed, if we conſider, that if the ſpeculum were firſt heated, 
and ſo dilated, made laxer, and leſs elaſtic, and conſequently leſs vibra- 
tive and repercuſſive; the ſame rays of fire, in their reflexion the ſpe- 
culum, will come exactly with ſo much leſs force into the focus, as the 
ſpeculum is now leſs hard than before : from whence it evidently ap : 
that fire is truly eorporeal and reſiſtable, ſince it is repelled from a body it 
ftrikes againſt. It may be added on this head, that if the rays of fire be 
collected cloſely together, and thus render'd extremely powerful, fo as to 
be able to melt the metalline part of the ſpeculum, no reflexion will ariſe ;. 
but the fire,. by the ſuperiority of its force to the ſpeculum, will deſtroy the 
fame : a clear proof that this reception is performed by a mere repercuſſion 
of one body againſt another. Nor muſt it be omitted, that this pure ele- 
mentary fire, if directed by the ſun, through the burning-glaſs of M. T/chirn- 
baus, ſo as to fall on the iron needle of a mariner's compals, in the very point 
of the focus or contact, it will drive the needle round on its pivot by a true 
real percuſſion : from whence it ap that the fire was not pene- 
trable, but truly reſiſtable. Elementary fire, therefore, muſt be truly cor- 
poreal, and conſequently every particle of it muſt conſiſt of other leſſer 
parts united together, but ſo ſtrongly united, as that we have no reaſon to 
think there is any power in nature capable of dividing them. And hence 
again it appears probable, that the figures of thoſe particles are not change-- 
able by any natural power; ſo that the element of fire appears immutable 
in itſelf, and the great inſtrument or means of changing all other things, 8 
5. But whether fire have alſo that further property, which ſome of the Is without 4 
greateſt men of the preſent age hold inſeparable from all bodies, viz. weight . 21 3 
or gravity, in proportion to its ſolidity, does not ſo certainly appear from every away. 
the conſideration of the whole hiſtory of fire. I am rather induced to be- 
eve, that it has no more tendency to the centre of the earth than to any other 
point; that it has no natural or .ſpontaneous determination at all; that it 
may be determined any way; that it is preſent every where, unleſs hinder'd 
ſome foreign cauſe, through the whole univerſe ; that of itſelf it is every 
where in the ſame quantity, and acts with the ſame force: all which particulars, - 
unleſs I am much deceived, have been proved by the preceding experiments. 
6. The particles of fire, which have already been ſhewn to be corpo- %%% of 4. 
real, appear further to be the ſmalleſt of all the bodies yet known: for if A ea ng 180 
they be corporeal, they muſt neceſſarily be exceedingly ſubtile, as they rea · 1 
dily penetrate all, even the denſeſt bodies, and pervading the thickeſt parts 
th a 
ereof, ſhew themſelves preſent in every aſſignable part thereof, Thus, if 
2 large globe be made 5 ſolid gold, and laid on the fire for a dus time, 
t may be ſo penetrated thereby, as to become ignited to its very centre; ſo 
that if it were then divided into two hemiſpheres, we ſhould find on every: 


poiut - 
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point in the inſide both light and heat, and the other properties and powen 


of fire. So ſmall then are the 2. of this body, that there is no known 
body ſo compact and void o 


res, ſo entirely filled to its own bulk, 
as not to admit and tranſmit he All other bodies hitherto diſcovered 
may be excluded from entring the vacuities of others. Thus air, water, 
ſpirits, falts, oils, and other things may eaſily be hinder*d from entring 
a glaſs phial hermetically ſeal'd ; and when they are in, may as caſily be 
hinder'd from going out again; only fire has free ingreſs and egreſs, and 
hence produces its peculiar effects. The cauſe of gravity and the power of 
magnetiſm, it muſt be owr?d, will paſs through all bodies, yet ſtill preſerve 
their native properties and effects; but we are not certain whether they do 
this by any particles iſſuing from them, or in any other manner unknown : 
and it may be added, that the cauſe of gravity, and magnetiſm pervade bo- 
dies inſtantaneouſly, without any diminution of their powers; while fire 


requires ſome ſpace of time before it can penetrate the denſeſt bodies: but 


hence the corporeity appears more evidently in fire, and leſs ſo in them. 
Hence we have obſerved, that the particles of fire are the leaſt of all thoſe 
commonly allow'd for true bodies; fince we cannot ſay whether there may 
not have been created ſome corpuſcles, which are leſs than thoſe of fire; 
but thus much we may affirm, that no phyſical effects have hitherto occurr'd 
to the ſenſes of mankind, from whence they might be forced to infer, that 
there are bodies fmaller than fire. This their extreme ſubtilty may alſo be 
conceived hence, that gold is fo ſolid, that when a grain of it is drawn 
over a quantity of filver, ſo as the thickneſs of the ſkin of gold is only 
egg Of a 12th part of an inch, yet the beſt microſcope cannot diſcover 


1030000 


the leaſt pore in ſo thin a leaf (d). Nay, if the thinneſt leaf-gold be oppoſed 


to the ſun, when ſhining into a dark room, the rays of light will not be 


able clearly to pervade it, but only ſhew a little greeniſhneſs through it; 


and yet a large ſphere of ſolid gold may be penetrated thro* its matter, 


however denſe, and its bulk however large, by the greateſt, as well as by 


the leaſt fire. For if ſo large a globe be long expoſed to the cold air in the 
coldeſt ſeaſon, it will aſſume that temperature, or receive that degree of 


fire, which is found at that time in the air; and if it be then committed 
to a ſtrong fire till it become glowing hot, and ready to melt, it has then 
doubtleſs a vehement degree of fire in all its parts; yet all this fire will va- 
niſh again out of the globe, which in a ſhort time returns to the tempera- 
ture of the common air. Hence again it follows, that the ſmall quantit) 
of fire found in the thin, fluid air, may equally inſinuate itſelf into al 
the pores of gold, as the largeſt and fierceſt fre. But if the pores were ſo 
very ſmall in fo thin a leaf of gold, what muſt we think of thoſe when 
ſo large a maſs of ſolid gold is penetrated through its whole ſubſtance by 
fire. To grow warm and cool again, is Joubtlels to receive fire in a greater 
or a leſs quantity, Thus much might ſuffice to ſhew the great ſubtilty of 
fire, which yet would appear to be a thouſand times more ſubtile, if it be 
true that the matter of light and colours is the ſame with that of fire; for 
i a chamber be made perfectly dark, with only a little aperture in kool 


' (4) Mem. Acad. Rey. 1713. p. 10. 
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fingle part, and a good eye, which has been for ſome time in the dark, be 
applied on the dark ſide of the room to the aperture, it will ſee very di- 
ſtinctly all the external objects, by fo many definite diſtinct rays of fire, re- 
fected from the ſeveral viſible points of ſo many different objects, and pro- 
ted thence without confuſion through the little aperture. If we now 
confider what a multitude of viſible points are here ſeen in the whole hemi- 
ſpere, each of which however can only be ſeen by its own rays, it will give 
us an idea of ſubtility ſcarce to be conceived, But if a white paper be 
applied, at a proper diſtance, in the ſame chamber, and the rays be tranſ- 
mitted by a convex glaſs upon it, all the external objects will be painted 
** and perfectly diſtinct thereon z conſequently all thoſe rays, and, 
— uppoſition above, all that immenſe quantity of fire reflected by ſuch 
a multitude of objects, could be contracted within the narrow ſpace of that 
: this ſhews, that the particles of fire, with reſpect to our imagina- 
tion, are of an infinite degree of ſubtility, | 
7. The ſmall particles which conſtitute the ultimate elements of fire, The mot fili. 
appear to be the moſt ſolid of all bodies: where, by the word ſolidity, we 
mean an extended thing which reſiſts infinitely ; and by ſpace, an extended 
thing, which admits and tranſmits ſolid matters; fo that an abſolute ſolid 
would be an extended thing, in which there is no penetrable ſpace, but 
which is every where equably impenetrable in all its points: and if any ex- 
tended ſubſtance be conſtituted partly of particles thus ſolid, but ſo con- 
nected together as to leave ſpaces between them; it will follow that 
ſuch body is partly compoſed of body, and partly of empty ſpace. Hence 
alſo it will appear, that the ultimate elements, or particles of all bodies, 
muſt be perfectly folid ; but that when theſe elements are compounded into 
a maſs, there ariſe vacuities between the particles thus joined together, by 
their not every where touching each other : whence a maſs thus compoſed - 
will always be full of pores, and conſequently leſs ſolid than thoſe ultimate 
elements, ſeparately taken, of which it was compoſed ; and on this account 
ch periicke will be thore gal to be ſe from each other, that is, 
to be divided, 2 
no 


Again, in thoſe laſt and leaſt particles there ſnould ſeem to 

e no pores; and conſequently that they are not diviſible by any other bo- 
dies, but muſt always remain the fame. It being ſhewn therefore, that fire 
| confiſts of the minuteſt particles; it follows, that theſe can have none, or 
at leaſt the feweſt pores, but all their molecules muſt be extremely ſolid, 
And as impenetrable ſubſtance is corporeal ſubſtance itſelf, *tis probable that 
all truly corporeal ſubſtance, conſi as ſuch, coheres with an infinite 
foree, not to be ſeparated by any power 3 but a maſs compoſed of ſuch 
matter, with vacuities interſperſed among it, will be fo far only diviſible 
i it includes empty pores. Fire, therefore, according to this doctrine, 
muſt be all corporeal, immutable, incapable of any alteration of figure, and 
unable either to join and grow to itſcif, or to other bodies; and in the mean 
while muſt have the greateſt power of dividing all other things, as it can 
always enter the pores of bodies to be divided, and exert its power therein, ſo 
—— break and diffolve their parts and branches, and thus reduce their co 
don to its ſimple elements; or r the elementary particles, as 

a a 
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it may paſs * thro? all the pores in any direction; as we find in gold 
melted by the fire, which afterwards becomes incapable of being any further 
changed thereby. But if this ſubtile and ſolid fire be applied to the abſo- 
lutely ſolid particles of other bodies, it does not 4 that it can make 
any change therein; but only move their whole mals with ſome mechanical 
impulſe or attraction, beyond which it can do nothing; which is confirmed 
by all experiments. On account therefore of this property, fire may be laid 
down as the great changer of all things in the univerſe, whilſt itſelf remains 
wholly unchangeable. 

8. Theſe corporeal, ſolid, ſubtile particles appear perfectly ſmooth, 
even, and poliſhed on their ſurfaces ; we mean they have no eminencies or 
ſinkings in any point of their whole circumference: for if any of their ex- 
tremities were rough or uneven, ſuch places being more expoſed to the 
ſnock and attrition of other bodies than the reſt of the maſs, it would follow, 
that in all actions of the fire, either on its own particles, or on other bo- 
dies, the greateſt impetus would always be given to thoſe particles which 
cohere leaſt to the whole; by which means thoſe particles muſt be conti- 
nually breaking off from the reſt of the maſs : ſo that there would be a con- 
tinual change of the particles of fire, and conſequently of the fire itſelf ; 
which is contrary. to what has been already proved. The utmoſt ſolidity of 
fire, therefore, ſeems to tend to ſuch a figure, as that all the parts become 
equally diſtant from a central point within the ſame ; fince by this means 
they acquire a figure which is leaſt liable to be changed, and makes the 
greateſt reſiſtance to being tranſpoſed. If, again, we conſider that extreme 
penetrability, whereby fire paſſes in any direction through all the pores of 
any body, it will ſeem neceſſary, that the ſurface of its particles have the 
greateſt facility for paſſing without impediment z which they could not 
well do, if beſet with hooks or points, or any thing downy and woolly. And 
ſince the rays of fire are tranſmitted ſo readily, ſo copiouſly, diſtinctly, and 
freely throꝰ a ſmall aperture in a dark chamber; it ſufficiently appears, how 
very ſmooth and equable their ſurfaces muſt be in all the points of contact, 
to prevent their hanging to one another. Add, that the quick reflection 
and refraction, which is always found in the particles of light, and which 
anſwers ſo exactly to the effect of a ſpherical figure, is a further indication, 
that the particles of pure fire are of that figure. From the whole we may 
venture to collect, that the ultimate particles of pure fire are poli 
ſpherules. | 
9. From the whole hiſtory of fire we may infer its abſolute ſimpl. 
city z by which we mean that condition of a body, whereby each particle o 
it retains the ſame nature which is obſerved in the whole; ſo that the-fim- 

licity of fire denotes: ſuch. a diſpoſitign, as that each of its, ſingle particles, 
ſhould conſiſt altogether of body 5 any pores z otherwiſe all the com 
ponent particles would ſcarce be alike z and further, that they probably 
are ſolid ſpherules, the whole congeries of which may thus be the ſame. 
It may be added, that the ſimplicity of fire appears chiefly dependant on 
this, that there being no corpuſcles in nature ſmaller than of fire, it cannot in 
any wiſe be compounded of other leſſer heterogeneous parts. In . 4 
| ; ; u 
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utmoſt ſmallneſs muſt be acknowledged for ſimplicity ; their abſolute ſoli- 
dity ſuppoſes as much, and their ſpherical figure abundantly denotes it; 
ſo that fire may be put down as the moſt fimple of all bodies exiſting. 
Yet it muſt be own'd the doctrine of the great Sir Iſaac Newton over- 
throws the abſolute ſimplicity of firez a philo _=_ whoſe ſubtile and pe- 
netrating genius ſeems to have ſurpaſſed the limits preſcribed to human 
underſtanding; and who by a moſt artful anatomy, from a ſingle ray of 
light procures ſeven ſeveral ones, very different not only in their primitive 
colours, but in their reflection and refraction: and yet how fine and ſim- 
le muſt that fingle ray have been ? If then, after the nature of fire and 
felt had been with ſo much labour examined, for ſo many ages, in ſo 
many countries, and after ſo many different manners, a ſingle perſon could 
ariſe in our age, and make ſuch diſcoveries, who ſhall aſſign any limits 
to the diſcoveries of future ages in natural things? Who knows what ad- 
ditions may heteafter be made to the diſcoveries of Newton ? Tis but half 
an age fince all philoſophers conſider'd a ſingle ray of light, as fo exceed- 
ingly ſlender, that in reſpect of thickneſs, they unanimouſly pronounced it 
indiviſible; yet this prince of geometricians has, 1 invincible experiments and 
arguments, ſhewn, that ſuch a ſingle ray is a faſciculus made of ſeven very 
different rays, which may be join'd to each other lengthwiſe, and again 
be parted from each other, ſo as to form ſeven fine threads of different co- 
lours, which before made but one apparent thread ; and who knows but when 
dioptrical glaſſes come to be further improved, and other means and inſtru- 
ments brought to a greater degree of perfection, ſomething like compoſition 
may be found even in theſe ſimpleſt rays diſcovered by Newton ? We are 
ſtruck with admiration, when, from theſe inſtances, we ſee what powers 
the Creator has given to the human mind; whereby, when duly cultivated, 
we can diſcover the laws he eſtabliſhed in framing the world. Certainly we 
owe the greateſt veneration and ran to that Being, which impreſ- 
his own image on our minds, gave us a diſpoſition to underſtand, ſtudy, 
and love the truth. Yet is not this ail the diverſity found in a ſimple par- 
ticle of fire; the ſame Newton having, in the different ſides of one of theſe 
fimpleſt rays, diſcover'd a further diverſity. | 
10. By the refraction of [ſand cryſtal, it appears, that there is a dif- 
ferent power found on one fide of a ray from that found on the other: and 
as in one magnet with reſpect to another, the ſame pole is either attracting 
or repelling; ſo in the ſame ray we find a like power, with reſpect to the 
tranſparent medium it falls on. From the whole it appears, that fire, how- 
ever ſimple, contains the following diverſities already diſcovered. (1) With 
reſpect to colour, it contains ſeven different primitive ones. (2) With 
reſpect to reflecting and refracking bodies, the rays act differently ac- 
cording to the colours they are — ( 


ſides 


e Every ſort of ray, as it is more or leſs laſt are the moſt refrangible. And ſuch co- 

mage by refraction, has a particular co- lour of any ray is abſolutely unchangeable by 

our, The rays, e. gr. leaſt bent by refrac- any refractions, reſlections, ſeparations, mix - 
don, are red; thoſe next, orange; then yel- tions, &c. | y 

» green, blue, purple, and violet ; which I be reflection of the rays, Sir I Newton 

| | Aaa 2 ſhewa 


e). And (3) that this diverſity in the 
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inary manner in their paſſing thro 


and cryſtal (F); fuch a manifold diverſity is conceal*d in the ſimpleſt of 
all bodies! What then _— ſuppoſe in the more compound kinds? The 


ſmaller every where hold 


an image or reſemblance of the larger. And 


were it not for the diſcovery made by Sir I/ Newton, we ſhould have be. 


liev'd that the 


icles of fire are the minuteſt poſſible, and perfectly fimple: 


but now though we allow fire the ſimpleſt of all known bodies, we cannot 


deny but that a great diverfity obtains in it. x n 
11. The ſixth property of fire is its mobility; which is ſo great, that we 


are almoſt certain it never abſolutely refts in any place: nor do we here only 


ſpeak of that motion, which is always found to obtain in all bodies; for it is cer- 


ſhews, does not ariſe from their ſtriking on 
ade rare the) Ke agen f 
| rays, tho a infini 
near the body, e ſor all thoſe 
which do touch, are loſt and extinguithed in 
the body. The pawer by which the particles 
5 er Nees 
of an cles ſtruck upon; but a power 
_ y Akute throughout the whole — 

the body, — acts on light, _—_ 
attracting or repel it without contact: 
hich power is the ſame with that w , 
other circumſtances, the rays are refracted; 
and by which alſo they are firſt emitted from 
the luminous body. 

And hence it is, that where light paſſes 
without refraction, there it alſo paſſes with- 
out reflection; that where the refraftion is 


| * there the reflection is ſo likewiſe ; 
that 


- 


. — intervals, whereby 


ight, paſſing out of a denſer into a rarer 
medium, is more capiouſly reflected, than in 
paſſing from a rarer into a denſer 3 and the 
kelecklon is the eater, as the difference of 
denſity in the ums is greater. Add, that 


ray of light, r age through any 
HfeaAing ſurface, is obſerv 1. 
a certain tranſient ſtate, which returns at e- 
it is dif to be 
refracted, and then eaſily reflected. 
Theſe alternate fits of eaſy reflection, and eaſy 
tranſmiſhon, Sir 7/aac accounts for, from the 
vibrations of a fine, ſubtile, æthereal, elaſtic 
medium ; vaſtly finer and more elaſtic than 
air, which penetrates through all bodies, and 
25 diffuſed through all ſpace. The rays of 
light, by their attraQtive powers, or ſome 0- 
ther force, excite vibrations in this medium ; 
which vibrations being ſwifter than the rays, 
overtake them ſucceſſively, and agitate them 
ſo as by turns to increaſe and decreaſe their 
2 and thereby put them into thoſe 


0 Wand cryſtal is a tranſparent, fiſfile 
ſtone, of the nature of talc : a piece hereof 
being laid on a book, every letter ſeen thro' 
Ut, appear double ; by means of a double 


tain, 
— 12 9 
ing it: a ra ight falling 
on its —— in any dire.on, — di- 
vided into two rays from the ſame cauſe. 
Now one of theſe refractions is performed ac - 
cording to the uſual rule of optics ; i.e. the 
fine of incidence out of air into the cryſtal, i 
to the fine of refraction as five to three: But the 
other, called the unuſual refraction, obſerves 
another rule ; and the ray, which by the firk 
ſurface of the cryſtal was refracted after the 
uſual manner, kr paſſing the ſecond ſurſace, 
is alſo refrafted : ſo that both emerge out of 
the ſecond ſurface parallel to the incident beam: 
And the ſame will hold, if the nk yp thro' 
ſeveral pieces of = cryſtal pl 
to each other; ray refracted after the 
unuſual manner in the rh ſurface of the firſt, 
being found to perſiſt in the ſame way, in all 
the ſurfaces of the reſt. 
Hence Sir / Newton gathers, that there is 
an original di ce in the rays of light; by 
means of which, ſome are conſtantly diſpoſed 
to be refrafted after the uſual, and ſome after 
the unuſual manner ; for if the difference were 
not original, but aroſe from ſome new modi- 
fication, which the rays underwent at their 
firſt refraction, it would be alter'd by neu 
modifications in the following refractions. And 
2 give us a 2 — more = 
i 2 in light, ve yet 
In ec, th Hor ligh have 
n effect, the ra ight appear to ha 
ſeveral ſides, —— Wi — original 
properties ; for the two rays, thus an 
circumſtanced, are not of different natures, ' 
as that one in all poſitions of the cryſtal vil 
be refracted after the one, and the other, 
after the other manner : all the difference be- 
tween them conſiſts in the different poſition 0 
the fides of the ray to the planes of perpen- 
dicular refraction: And the ſame ray, in _ 
ot that poſition of its ſides to the cryſtal, * 
be refracted either in the uſual or the unul 
manner. Newton Optic. 
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tain, there is no body in all nature, that ever abſolutely is at reft for one mo- 
ment; the ſun, planets, and comets, and the ſeveral atmoſpheres which 
gravitate along with them, are all continually revolving with rapid motions; 
and we know of no bodies befides theſe: nothing therefore is ever at reſt, 
but all things are in a conſtant vehement motion. Such was the pleaſure of 
the Creator of all things. But beſides this, there is another motion 
of agility peculiar to fire, as may be ſhewn from undeniable proofs. Sup- 
poſe water left to cool till it fall to 33 degrees; which is the utmoſt pitch 
of cold that water admits of, ſince if it go a little beyond this, it can no 


remain water, but is converted into a ſort of glaſs, very brittle and 


tranſparent, but liable, by 33 degrees of heat, of being again melted to 
water; While genuine glaſs requires upwards of 600 degrees of heat to 
reduce it to the ſame ſtate of fluidity : it follows, therefore, that water only 
becomes water, by virtue of the motion of the fire lodged in it; and that 
water is not water of its own nature, confider'd ſeparately and independant 


of fire, The ſame holds of glaſs alſo, of foſſils, ſulphurs, ſemi-metals, me- 


tals, and perhaps all other bodies; which under a certain leſſer degree of 
fire appear in form of hard bodies, as we have juſt obſerved in ice; but 
upon increaſing the degree of heat to a certain pitch, which will be different 
according to their different natures, they all readily melt, and are converted 
into a kind of running water. Since then it has been ſhewn by M. Fabren- 
heit's experiments, that there are ſtill 32 degrees of heat below the point of 
freezing ; it follows, that in all thoſe different degrees the fire is ſtill either 
in a greater or leſs motion, and never entirely at reſt ; not even at thoſe 
times when all animals and vegetables periſh with cold. But it has been 
ſhewn by the ſame experiments, that ſuch of fire may ſtill be leſſen d by 
art 40 degrees more, which proves, that in the greateſt natural degree of cold 
poſſible, the fire has ſtill 40 d of motion more than. in ſuch artificial 
2 ; — - the whole in - between the two, it _— diſſolves ſome — 

ies, Which by a leſs degree of heat cohere again into ſolids ; as appears by 
all the experiments there recited. Fire, — is — rebinh 
even in the utmoſt degree of cold; and in all the degrees of heat therefrom, 
it moves ſtill more and more. The great velocity of fire, when emitted from 


the ſun to the Satellites of Jupiter, and reflected thence to our earth, was 


diſcovered by a very ſubtile method, from a multitude of ſure aſtronomical 
obſervations continued for ten years, by M. Roemer, and communicated in 
a letter to M. Huygens ; from which this laſt author fully: demonſtrated, 
that the velocity wherewith fire is propagated, is ſuch as carries it up- 
ward of 1100000000 feet in a ſecond (g). Hence it appears, that the 
velocity muſt have been very great in this fire or light emitted by the 
fun, which-is allow'd for true elementary fire; if ſuch light be ſuppoſed to 
have proceeded from the ſun to ſuch Satellites, and thence di to us; 
as 18 held in Sir Haac Newton's ſyſtem: or if, according to the doctrine of 


others, thoſe ſpaces be full of matter, it will follow, that ſuch action of 


the luminous could not be communicated fo ſwiftly, But thoſe great 
uronomers Caſſini and Maroldi have fince with infinite pains, by a ſeries of 


Vid. Huygen. de Lum. p. 8, 9. 


accurate 


365 


366 8 The Theory of CHEMISTRY. 


accurate obſervations of many years, carefully compared together, diſcoverd 
that this ſyſtem of Roemer and Huygens, is far from ſtrict. truth (5). 80 
that nothing certain can be inferr'd concerning the velocity of light from this 
wciple : thus much, however, we are certain of, that this propagation of 
ght is always the more ſwift, as it is leſs ſucceſſive. 
| dre nt ge- 11. From the fame hiſtory: we 2 alſo deduce, that this elementary fire 
rative of fire. makes numerous alterations in all ies expoſed to it, though it does not 
a by any experiment that it alters them ſo as to turn bodies, which 
before were not fire, into true elementary fire: from whence again, it does 
not hitherto appear, that fire has any power of multiplying itſelf by con- 
verting its fewel or other bodies into true fire, and aſſimilating them to itſelf, 
Nor gene- 12. The more we every day conſider the effects of true fire, the leſs rea- 
rable. fon we-find for concluding any ſuch power in fire, or ſuch diſpoſition in o- 
ther bodies: from whence again it evidently follows, that if fire be unable 
to generate fire-out of any other matters, neither can fire itſelf be generated 
out of any other matters; for what can by any action produce fire out of a 
body, which was got fiery, if fire itſelf cannot do it? No other thing in 
ature ſhould ſeem to bid half fo fair for ſuch power, as that univerſal mover 
from hence all other things derive. their motion, at leaſt all fluids, and 
bably moſt ſolids, and which can neither be produced nor reſuſcitated, 
only made viſible where it did not appear before. | | 
Bir a/ways 1g. All theſe things being ſufficiently evident, we may venture to aſſert, 
the Jame. that this elementary fire is always and every where the ſame in all hot bo- 
dies, after what manner ſoever it were produced therein, with whatever 
fewel nouriſhed, ar by whateyer artifice kept alive. It is a falſe complaint 
theteſore of the generality of chemiſts, that they want pure fire to uſe in 
their ſubtileſt operations, wherein they imagine a molt pure aftral, celeſtial, 
ſolar, elementary, incorruptible fire. required: ſuch needleſs ſollicitude they 
have fallen into through inattention to what we have above ſnewn. For 
the heat produced in the bodies either of animals, vegetables, or foſſils, al- 
ways ariſes from the fame fire, and when it has penetrated through glas 
into the cavity of a veſſel, is equally pure, and in all reſpects the ſame, as if 
the veſſel been expoſed to the pure rays of the brighteſt ſun: ſo the 
heat of burning alcohol and of pit-coal, acting on a matter contain'd in 3 
pure glaſs hermetically ſealed, provided the degree of heat and the manner 
of application be the ſame in both, will always have the ſame effects; and 
even the ſire produced by the putrefaction of the moſt fetid bodies, after it 
has paſſed theough a thick glaſs, becomes as pure and ſimple, as if emitted 
from the c ſun into the ſame glaſs: and thus the heat produced 
by: fermentation,” putrefaction of animal dungs, Sc. is of the fame qua- 
lity as ſire. Nor do we find any difference as to chemical operations be- 
tween the heat of horſe · dung, and that of any other heat in the ſame degrec: 
it follows, therefore, that there is but one kind of fire in all nature, a" 
that elementary and artificial fire are always the ſame. But this is not to 
underſtood of ſubterraneous fires, in regard all other kinds of bodies are found 
floating herein, which mingling with the fire, and undergoing certain —_ 
* 


tb Mem. Acad. Rey. 1707. Hiſt. p. 77. & Mem. p. 25. 
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thereby, have different effects, and make different changes in bodies, ex- 
poſed to ſuch fire, from what would have happen'd to them in the focus of 


a burning lens, or 2 ; and theſe too very different, according to the 
| uc 


uliar natures of ſuch heterogeneous parts mixed with the fire. But then 


theſe different effects do not ariſe from fire, as fire; but from fire, as com- 


bined with other corpuſcles agitated by it; though the whole, by miſtake, 
de promiſcuouſly attributed to ſome diverſity in fire. In the mean while, 
the effect of fire on bodies is found very different, according to the different 
fewels it is ſuſtain'd by; whence it becomes either ſtronger or weaker, or 
even mixes part of the fewel agitated, and often, as it were, united to it, 
with the bodies expoſed to it's action. 
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14. In reſpect of this, therefore, that fire is judged the pureſt, which is 7: alcohol, 


produced and maintained by burning alcohol ; as adplterating bodies the leaſt 
with any mixture of its fewel. | 


15. The next is that produced by diſtild oils, frequently rectiſied and DifilÞ'd oils. 


cleanſed, eſpecially from their fixed alcaline falt, and thus render'd exceed- 
ingly thin, fimple, ſubtile and limpid, like alcohol itſelf. To this claſs belong 
naptha and petroleum, wherein the like property obtains, 

16. After theſe, good charcoal yields the pureſt fire. 
natural woods themſelves. Then turf, or bituminous clods, which are 
of two kinds; the firſt pared from the ſurface of heathy ground, the other 
dug out of a moift, black, fat mud or ſoil, in a parallelipiped form; which 
being dried by the ſun afford a noble, wholeſome, ſettled fire, much eſteem'd 
and praiſed by Mr. Boyle. 


17. The coal of ſuch turf being duly prepared, by kindling it till tho- Tf. 


roughly ignited, ſo as to emit no ſenſible ſmoke, and then extinguiſhing itz, 
if kept dry, will afford a fewel very eaſy to be kindled, and fit for various 
urpoſes, in regard it neither produces ſmoke nor ſtench; but when; once 

hted, ſpontaneouſly maintains its fire a long time, and is the moſt equa- 
ble of all hitherto ob 


Then the purer Mad coal 


18. To theſe more compound fewels belong alſo pit-coal 3 which conſiſts Pi- coal, &c: 


of a foſſil oil much like naptha or petroleum, and a vitrifiable matter (i). 

19. And laſtly, the dried dungs of certain animals. | 
20. That vaſt diverſity, therefore, of phy ſical effects, which ſeems ſo 
often to ariſe from the operation of fire, ought to be wholly attributed to 
the diverſity of fewel; as might be ſhewn by many, and particularly by 
the following experiments. If wood or turf be burnt in an open fire in the 
ar, the vapour they yield is by no means mortal, but painful to the eyes, 


and affecting the lungs fo as to cauſe a cough; but the ſame. being, either of 


_ them, 


. ©) © The ſmoke of pit: coal being very cf. © be a very uſeful thing in chemiſtry, to be 
pe tenfive, and other 2 « able 5 Gas coals without the uſe of thoſe 
« i uſe; 2 way has been found to char, 
« fo, tinte coherent maſſes of a proper Holland they have Jikewiſe a way of 
+ Tis true it is ſold almoſt & dear as * charring peat, a kind of turf, which might 


© Charcoal z yet thoſe who conſume Jarge *© ſerve for tewel in chemical operations; tho” 


« gee Bugs It your twice as cheap, be- the manner of charring be not yet known, 
much longer, and gives a in ſeveral countries, where perhaps peat 
- keat far more intenſe, It would therefore * might be found. 


« pots, to which their preſent price isdwing.. | 
4 


Fire no uni- 


verſal ſol. 
went. 


Nor always 
powerful. 


-again, if the ſame higheſt degree of fire be ſuddenly applied to this powder, 


| The "Theory of" C H BMIST Rv. 
them, charr'd or prepared after the manner above N and thus lighted 
ly 


thoroughly, when very dry, yield a thin cervable tum 
which if confined in a cloſe place, preſently kills all animals : and this with 
ſome extraordinary circumſtances. For an animal being put in a large veſſel, 
and then the air ſo far exhauſted, as that the animal might ſtill live ſome time 
in it; and laſtly, air being driven through coal ſtill ſmoaking, and conveyd 
by a funnel into this kind of vacuum, the animal did not die; whereas 
the ſame ait being driven h coals perfectly kindled, inſtantly ſuffo- 
cated the . The —— imes communicates an extraordi 
wer to fire ; as appears that experiment related by the celebrated hi. 
orian of America, Acoſta; viz. that in the rich — Hem of Peru, the 


native metal,Jwhile in its ore, will not melt with the utmoſt fire raiſed by the 


bellows; but that it readily melts, if the ſame fire be excited by an 
artificial blaſt of wind, raiſed by a ſwift fall of 'cold water, conveyed forci- 


bly by proper mſtruments into the fire. Theſe, and many other inſtances, 


ſew how neceflary it is to be very circumſpe&t in examining the action 
of fire on bodies; ſince the Boos 4 e the wie 
21, It remains now to confider ſome things further in this hiſtory of fire, 
which may be of great uſe in iſtry. 
22. Firſt, then, we muſt not give into the vulgarly received opinion, 
that fire is an univerſal ſolvent of all bodies. Tis certain it diſſolves a great 
number of bodies; but that it diſſolves all, 4 — deny. In reality, 
according to its different d it acts differently on the ſame object. Thus, 
if ſmall, and ually raiſed, it will, in a long courſe of time, turn 
quickſilver in a phial into a fort of fixed powder, ſcarce miſcible with 
any other liquor; whereas, if the ſame utmoſt degree of fire had been ap- 
plied at firſt, as at laſt; the quickfilver would all have evaporated. And 


thus fixed by a flow one, gently raiſed, the whole becomes volatile again: fo 
that one er tymrrobenatiny - | 

23. Secondly, neither is fire 2 a ſolvent,” as only to extract 
from bodies what before exiſted in them; fince it mixes ſome things 
with them at the ſame time that it extracts others; of which we have 
many indications. Thus while antimony is calcining by the ſolar fire, it 
occaſions it to emit a copious fume z yet at the ſame time introduces ſuch 
a quantity of other matter, that the cabx is increaſed both in bulk and 
weight. And if lead, by the like ion, be reduced to minium, it al 
the while yields a plentiful poiſonous and yet the calx becomes con · 
fiderably heavier than the metal _— was, The like augmentation 
of weight is found in coral, when ined by a vehement fire long con- 


tinued. So mercury, if well purified by means of metals, and then di- 
27 into a fixed powder, 
and a fmall quantity of good , weighing more than the mer- 
cury firſt employed. 

24. Fire, from ſome bodies, produces nothing new; but lets them 


paſs unchanged, and untouched as it were as we find in gold, Be 
| ; 
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oſteocolla, glaſs, /elenitis, tale, and virgin-ſand; which are not ſeparated 
into elements, or any other bodies by fire alone, however applied (N. | 
25. There are many bodies from which fire, in what manner ſoever 
t different parts concurred to the compoſition of ſuch bodies ; and tho? 
by other means we can actually reſolve them into ſuch es, e parts, Va- 
rious inftances hereof have been long ago alledged by learned authors: we ſhall 
only mention a few. If gold, filver, and copper be melted, and thus mix'd. 
together, they will afford a maſs; out of which the fire will ſcarce ever ex- 
tract thoſe three 2 But if we put this mixture, with twenty times 
the quantity of lead, in a refiner's furnace, the copper will very ſoom be accu- 
rately ſeparated z leaving the gold and filver pure ind. Andif theſe two 
be again expoſed, in what manner ſoever, to the fire, they will ſtill remain 
mixed z and this fo intimately; that each particle or the maſs ſhall contain 
the ſame proportion of gold and ſilver, as is found in the whole maſs. But 
if ſpirit of nitre be poured on the ſame, all the filyer will be diffolved, and 
the gold remain at the bottom of the veſſel, in form of a black powder. 
The filver thus ſeparated from the gold, and conceaPd in the ſpirit of nitre, 
is very difficultly ſeparable therefrom without loſs : for with fire it will 
dry into a maſs, called: /apis infernalis, wherein the acid part of the nitre 
till obſtinately adheres to the ſilver, and melts with it, like a metal, yield- 
ng no ſmoke.” But if a quantity of thin pieces of copper be added to the 
ſolution, the whole body of the filver, gracually ſeparating from the ſpirit 
of nitre, will gently adhere to the copper; and the veſſel being ſhaken, fall 
to the bottom thereof; and being waſhed with fair water, become perfectly 
pure: ſo that what the fire could not do, is here done by other means, I 
need not add, that ſulphurs adhere ſo ſtrongly to the ores in metals, that, 
when expoſed to the fire, they either melt, or evaporate with them into 
the air. How vainly, and with what immenſe loſs, have the refiners of 
metals endeavoured to expel the ſulphurous parts by fire, ſo as to obtain 
only the metalline parts pure at the bottom of the teſt ? But when they 
came to mix fix d alcalies, or iron, which in the fire attract ſulphur, or ab- 
ſorbent powders made of theſe or the like matters, with the ore; the ſul- 
hur e ſuch addition, and uniting the ſulphurous ſeoriæ with itſelf, 
the metalline part pure behind. Thus antimony, when pure, appears 
homogeneous z but if expoſed in any manner to the fire, either evaporates 
Wholly, or. if the fire be flow, remains fixed therein: but upon mixing it 
Vith tartar and nitre, or with iron and nitre, and then deflagrating the mix- 
ture, an heterogeneous ſulphurous part preſently ſeparates from the reſt, 
leaving a metalline, homogeneous, ponderous maſs behind. The ſame an- 
timony is diſſolvable in its metalline part by aqua regia, whilſt its ſulphur 
remains untouch'd by the acid thereof. Sal-ammoniac, which is a com- 
tion of various matters, evaporates wholly in a ſtrong fire, and in a 
ſſer remains unchang d; but upon adding to it a fix'd alcaline ſalt, it 
—_ ſeparates * a fixed 3 and a volatile animal 2 ; * cor 
ve-ſublimate of mercury, expoſed to a continued rs no 
2 Bbb wit diviſion 

J See Helmont in various places; and Boyle Abr. Vol. III. p. 266, & ſeq. 


The' ſeparable 
22 will not, of itſelf, ſeparate any different parts; though it be known erer. 


S . The Theory of CutMisTRy. 
diviſion of its component parts ; but upon mixing with it a quantity of iron 
or alcalies, becomes freed of its acids. Chemiſtry abounds with fimilar 
inſtances. * 

Fire does wt 26. It is further remarkable, that thoſe parts which fire, however 

feparatebedies carefully applied, procures from compound bodies, are not ſimple, but fil! 
into their ele- variouſly mixed together, If we examine the fimple waters drawn from 
nary part: bodies by fire, they evidently appear, both by their ſmell, the thickne6 
they ſpontaneouſly acquire, and their mucilage, to be ſtill much com- 
pounded ; fince none of theſe ever obtain in truly ſimple water. If we 
conſider ſpirits, they will be found ſo compounded of a water, and a ſalt 
inherent therein, that there is no —_— them perfectly by any art, with- 
out applying both fixed falts and fire. For oils, the generality of che- 
miſts allow them as true, ſimple, ſulphureous elements; but the more 
knowing few ſhew them to be compounded of a great variety of parts; viz. 
that inflammable principle, of which we have already treated fo fully, a 
large proportion of water, a quantity of ſalt intimately mixed, and ſome 
earth. And what extreme care does it require, before the earth obtained 
from bodies by fire can be had abſolutely pure; fixed ſalts till adhering to 
it, even till it vitrifies ? | 
| But even 27. It appears, by the reſult of numerous experiments, that fire com- 
compounds pounds bodies, as well as divides them; being found to unite different mat- 
them. ters ſo cloſely together, that the whole reſulting therefrom appears extremely 
ſimple; and will even bear the fire afterwards, without being changed. Thus, 
pure ſand and fixed alcali being intimately mixed by grinding, calcining, and 
melting them together, with a vehement fire, produce glaſs ; which is a body 
ſo ſimple both in its parts, and the whole, that we ſcarce know another 
more ſimple one, or harder to be reſolved into its ingredients; which can 
only be checked by melting it with a great proportion of fixed alcali, ſuf- 
cient to give it a ſaline nature, and then digeſting it in an acid; upon which 
the ſand precipitates to the bottom, in form of a fine powder. The fame 
ſhewn'by fapo's ; alſo by the diſtillation of agua regia 3 and by the elefra of 
metals. In fine, all nature makes uſe of fire, as the chief inſtrument of pro- 
ducing compounds. What compound do we find, either in the animal, ve- 
getable, or foſſil kingdom, but owes its origin to a gentle, digeſting, 
arranging, compounding fire? In reality, a flow ſedate action of fite in 
motion, appears the principal cauſe of all the cloſeſt combinations we meet 
with; fo that it may well be doubted, whether fire contributes more to the 
compoſition, or the diſſolution of bodies. 
888 28. It may be obſerved, that the ſame fire, as applied in different 
and ſeparates. quantities, firſt compounds bodies, and, when raiſed to a higher pitch, de- 
compounds them again. This the chemiſts have found, to their no ſma 
loſs; when after employing many years to fix mercury by a flow fire, gent!y 
raifed through ſeveral degrees, they have at length brought it into a 
powder, which remains long fixed in the fire; yet when the ſame fire is rail 
to its utmoſt pitch by force of bellows, this likewiſe evaporates into the a 


„whereby, at the ſame time they were diſappointed in their expeGation oof 


* 
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learnt this ſecret ; viz, that one degree of fire will ſeparate, what another 

had compounded. | 
29. One and the ſame fire, applied to the ſame body with different 
circumſtances, will have quite different effects; and eſpecially asthe air 
happens to be va iouſly admitted, during the operation. Dr. Hook took 
a coal, put it in an iron box, and cloſed the ſame very accurately with a lid 
ſcrew'd down: then applying the whole a long time over a ſtrong fire, the coal, 
upon taking it out again, was not found dun: (1), From whence he in- 
ferr'd, that air is a menſtruum, which being agitated by fire, could diſſolve 
all ſulphurous bodies; which, fire without air could not do (n). The ſame 
has been obſerved by Helmont in diſtillations with his fixed coal; and by 
Papin (n), I myſelf have burnt the fine duſt of guaiacum, with a vehement 
fire long continued; yet have found the black feces remaining with the oil 
in them, which no force of fire could drive out of the retort. Vet no ſooner 
was this carbonaceous powder laid in a ſhallow baſon, and a ſmall ſpark of 
fire applied to it, than the black oil all exhaled with an aromatic cedar-like 
fame ; leaving nothing behind but white taſteleſs aſhes. Thus camphire, 
when kindled in air, even though it were ſwimming on water, will burn 
quite away; but if put in a ſubliming glaſs-veſſel over the fire, it will melt, 
riſe to the top, and concrete into new camphire, altogether the ſame as be- 
fore, And the like will happen, though the operation be repeated a num- 
ber of times. Thus ſulphur, in cloſe veſſels, will ſublime a hundred times; 
yet ſtill remain ſulphur : but if during the operation, a crack. happen in the 
veſſel, and the melted ſulphur becomes by this contiguous to the air; it im- 
B b b 2 mediately 


- U) See his life prefixed to his poſthumous 
Works, p. xxi. 

(m) The truth is, in ſome caſes, the pre- 
ſence of air is neceſſary for the producttion 
of light, or preſervation of fire : as appears 
from the burning of thoſe bodies which go 
out when the air is taken away ; thus a lighted 
candle being put in a receiver, and the air 
exhauſted, the candle is immediately extin- 
guiſhed: nor will the ordinary attrition of 
a flint and ſteel produce any ſpark: of light in 
vacuo, On the contrary, on ſome occaſions 
the abſence of the air is neceſſary to light. 
Laſtly, in other caſes, the light which was 

ore ſeen in the air, becomes augmented 
upon taking away the air; as we ſec in the 
lucid lines drawn by hoſphorus “. 
þ- II 8 ſake of thoſe who think the at- 
, Tition of contiguous air neceſſary to pro- 
of duce a manifeſt heat, we placed ſome Tard 
r. black pitch in a baſon, at a convenient 
Þ diſtance under water, and caſt the ſun's 
„ Js on ſt with a burning-glaſs, in ſuch 

manner that, notwithſtanding the refrac- 


' tion they ſuffered in paſſing thro the water, 
the focus falling on the Neck, would pro- 


P iGraveſand. 


+ Boyle Phy/. Mech. Exper. on Air, 


and thereby ſhortnin 


« duce ſometimes bubbles, ſometimes ſmoke, 
and quickly communicate a degree of heat, 
able to melt it, if not alſo to make it boil . 

« We took a piſtol, and having firmly tied 
«« jt to a ſtick almoſt as long as the cavity of 
the receiver, we primed it with dry gun- 
« powder; then cocking it, we faſten 'I the 
« trigger to one end of a ſtring, the other 
« being faſten'd to the key in the cover of 
« our receiver : this done, we convey'd the 
« whole r into the veſſel, which be- 
« ing cloſed up, and emptied after the uſual 
«« manner, we turn'd the key in the cover, 
the firing, pulled 
« the trigger, and obſerv'd, that the force 
« of the ſpring of the lock, was not ſenſibly 
« abated by the abſence of the air; for the 
« cock falling with its uſual violence, truck 
«« as many, and as conſpicuous ſparks of fire, 
„ as, for aught we could 2 it did in 
© the open air. Upon often repeating this 
«« experiment, we could not perceive, but 
that the ſparks of fire moved upwards, down- 
« wards, and ſideways, as when out of the 
receiver 4. 


(n) See his Recueil des Machines, p. 25, 26. 
+ Boyle Mech, Orig. of Heat, &c. 
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A., diffe- 
rently wit 
reſpect to the 


air. 


And diffe- 

rently accor- 
ding to 
degrees 


its 


| fire and flame: but if the fame be diftilfd in a retort, with a fire at firs 


Water, ſpirit, volatile acid falt, and an oil of different kinds; and at length, 
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mediately catches fire, and reſolves into a blue flame and acid fume, 80 
amber, if kindled in the open air, burns almoſt wholly away, maintaining 3 


very gentle, but gradually raiſed to the higheſt pitch; it will firſt yield 3 


by the higheſt degree of fire, the whole ſubſtance will riſe through the neck 
of the retort, as I have often experienced. It follows therefore, that fire, 
either without air, or pent up with it, and reftrain'd from motion, has very 
different effects, from what it is found to have under other circumſtances. 
30. The fame fire, as applied in different degrees to the ſame object, 
has very different effects, as we find by experiments. For if the white of 
a new-laid egg be put in a clean open veſſel, and kept in a degree of heat, 
denoted by 92 degrees on Fabrenbeit's thermometer, it will in a ſhort time 
be turn'd into a thinner, ſanious, fetid, putrid liquor, incapable of being 
again lated 141 heat of boiling water; and at length becomes a vo- 
latile fetid alkali: if the ſame white of egg be kept in the 200th de- 
ee of heat on the ſame thermometer, it quickly turns to a white, ſolid, 
ciflile, inſipid maſs, and yields plenty of aqueous, inodorous, infipid fume ; 
kaving at bottom a hard, brittle, pellucid, infipid, inodorous matter, which 
will remain immutable for many years. Again, the ſame white being put in a 
clean glaſs retort in 400 degrees of heat, yields phlegm, ſpirits, fetid oils, 
volatile, alcaline, oleous, and fetid ſalt, with a black coal which ſwells 
exceedingly by the fire. There would be no end, were I to rehearſe all 
that might be ſaid of the nature and power of fire. It may now ſuffice to 
give a ſhort recapitulation of the doctrine laid down in the foregoing arti- 
cles z as that fire, diverſified according to all the preceding conditions, may 
produce moſt of the effects obſerved in nature, we mean as a concurrent 
cauſe; viz. it may change concretes, both in their figures and coheſions, 
but fo as that the diverſity of concretes will hereby produce different things; 
it being never obſerved, that fire can produce the fame things from different 
ones, but only certain definite things from certain bodies, and theſe allo diffe- 
rent according to the order, degree, and manner of application of the fire, 


Of the Direction and Regulation of Fire in Chemiſtry. 


1. 1. remains now to ſpeak of that knowledge of fire, conſidered as preſent 
and acting in any given place, which is requiſite in a chemiſt, to enable 
him to raiſe, direct, maintain, and apply the degree of fire neceſſary to pro. 
duce the deſired change in a given body, This part of knowledge indeed 
is delivered by the antient chemiſts, but has been brought almoſt to per- 
fection in our days, fince'the way has been found of applying M. Fabre 
beit's excellent thermometer to this purpoſe. The antients teach, that the 
power of fire may commodiouſly- be divided into four different degrees, 
which they hold ſufficient to the practice of their art, but ſay little very 
diſtinctly on that head; nor have the generality of moderns added any 
thing conſiderable to their doctrine. Our endeavour will be in what follows, 
to reduce the rules of art to more natural. principles, 


2, 
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2. The firſt degree of fire then is that which in nature performs the of- The degrees of 
fice of vegetation in plants, and whereby chemiſtry imitates, or does. the fire, viz. The 
like, This commences from the higheſt degree of cold, which in Fabren- fe 
beit's thermometer is ' denoted by one, and ends at 80 degrees; ſince, in 
this whole interval, we find certain plants give indications of life and 
growth. Thus in the ſevereſt winter's cold we find the bitter moſſes grow- 
ing on the barks of trees; and what is more, they only grow at ſuch times; 
the fir, juniper, oriental larix, cedar, pine, favin, yew, life-tree, and other 
ever-greens, maintain their verdure during the moſt pinching froſt: the like 
holds of corallines, earth-moſſes, black hellebore, hepatica, the Leucoian 
narciſſus, the winter aconite, helleboraſter, and others, which will ſhoot, bloſ- 
ſom, generate, conceive, and bring forth under the ſevereſt cold, which is 
unable to check their conjugal heat, In fine, were we to riſe from the low- 
eſt to the higheſt pitch of this degree of heat, and then rehearſe all the 
— of known plants, we ſhould find ſome which arrive at their utmoſt 

th in every point or degree of the heat above-mentioned. - 

3. Hence it appears probable, that a chemiſt, by duly conducting this Ad it's »/.. 
degree of heat in an artificial ſtove, might imitate the heat which nature 
makes uſe of in the production of plants; proceeding by gentle degrees, ſo 
28 to cheriſh, not deſtroy them. To raiſe this degree, let a furnace be made, 
and on this ſet a veſſel full of water, to which a thermometer being - 
plied, may by its riſing and falling indicate the degree of heat — 2 
then placing glaſs-veſſels in the water thus temper'd, put the bodies there - 
in, which are to undergo the action of the fire tis very probable this 
degree of fire would be fitteſt for impregnating of oils with any excellent, 
precious, vegetable ſpirit without waſting. Thus, to communicate the 
tragrant ſcent of roſes to a given oil, the beſt method ſhould ſeem to 
be to take pure, inodorous, inſipid oil of olives, and put it in a tall clean 
chemical fire, and digeſt it in a heat of 56 degrees with roſes, gather'd juſt 
as they open in the morning; by ſuch means the warmth will unite the 
{pirit of the roſe with the viſcidity of the oil, in the moſt intimate manner, 
and exhibit an highly odorous balſam. The application of a ſimilar degree 
of heat would impregnate alcohol with the fineſt ſpirit of ſaffron; a leſſer 
degree ſcarce ſufficing to extract this ſpirit from its body, whilſt a greater 
will diſſipate the more volatile part of the ſame ſpirit. Few conceive the 
Juſtnels of this method; and yet 'tis certain ſeveral incomparable medicines. 
are thus prepared, merely by a cautious management of the ſire; which are 
utterly loſt if the fire be raiſed beyond the proper degree. | 

4. The ſecond degree of fire may commodiouſly be taken from the Te fend 
* which ordinarily obtains in an healthy man, and which may be /e. 

uppoſed to commence at the 40th degree of the thermometer, and end 

avout the 94th, Within this compaſs. animals may live and ſubſiſt; that 
is, it, their juices be of any degree of heat within theſe bounds. The vital 
2 of ſome inſects have indeed a very ſmall degree of heat; and I have 
— wonder'd how the embryo's in the ova of caterpillars, which fix their 
Foo wr eggs by a viſcus to the ſlender branches of trees, ſhould have 
ed unhurt during the whole hard winter of the years 1709 and: 1729, 


when 
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when every body would have imagined this whole race of worms muſt have 
been deftroy'd by ſo ſevere a froſt; yet as the warmth of the ſpring ap- 
proach'd, we found them creep out of their ovu/a ; and conſequently they 
muſt have bore the whole ſeverity of the ſeaſon without harm. So fiſhes, 
Both of the river and fea kind, which have gills inftead of lungs, live in a 
watery medium, which is only 34 degrees hot; and conſequently their bo- 
dies are reduced to the ſame temperature; yet they can bear any heat 
from hence to the 6oth degree, -and ſomewhat further : but fiſhes that are 
furniſhed with lungs, as alſo all breathing animals, conceive a greater heat 
of their juices, which, when healthy, are found about 92 degrees hot ; 


And it's uſes. for which reaſon we limit this ſecond degree of fire between 33 and 94 


degrees: within which compaſs the vital functions of all animals, the fer- 
mentations of vegetables, and the putrefactions of animals and vegetables, 
as well as all generations, geſtations, incubations, births, nutritions, Sc. 
of animals are performed. This degree is uſed by the beſt chemiſts for 
making elixirs, volatile alcaline ſalts, both ſimple and oily, alſo tinctures, 
= = digeſting of the philoſophical mercury for the firſt preparation of 
the None, 


The third d- 5. The third degree of fire is that which extends from 94 degrees of 
gree, and it's the thermometer to 212 ; at which laſt, water uſually boils. In the whole 


1 es. 


compaſs of this degree the water and native ſpirits are ſeparated from all 
vegetables and animals, and the remainder drying, becomes durable, and 
almoſt immutable; the eſſential oils of plants thus become volatile; but the 
ſalts and oils obtainable from the recent juices of animals, ſcarce riſe with- 
in this degree, but rather dry into a thick, hard, brittle, inſipid, inodo- 
rous matter, which remains unchang*d for many years; by which appears 
the falſehood of that uſual opinion, that volatile, alcaline, and oily ſalts 
are generated and found in the healthy bodies of men, with this degree 
of heat. All diftil'd oils are prepared, and alſo all diſtillations of medicated 
waters from vegetables are made in this; and the ſanguineous and ſerous hu- 
mours of animals coagulate by boiling water into ſciſſile maſſes ; all thei 
ſolid parts are deſtroyed and turned into a thick tenacious liquid; conſe: 


VT all animals are quickly deſtroyed therein. | 
The fourth 6 


degree. 


The filth. 


he fourth degree may be taken from 21x to 600 degrees on the ther 
mometer; within which latitude the diſtillation of all oils, faline lixiviums, 
quickſilver, and oil of vitriol, is performable. Within this alſo lead and 
tin will melt and mix together; oils, ſalts, and ſapo's both of animss 
and — — become volatile and acrimonious, tending more or lels o 
an alcaline nature; their ſolid dry up, and burn into a black coal. In 
fine, all theſe matters are utterly deſtroyed; have their nature chang'd, and 
loſe their proper powers in this degree of heat: and foſſile ſulphur and fl 
ammoniac are ſublimed by the ſame. 
7. The fifth degree is that wherein the other metals melt, and which com. 
mences from 600 degrees of the thermometer, and ends where iron is held in 
a ſtate of fuſion. In this degree moſt bodies are deſtroyed ; but glals, gold, 
filver, copper, and iron, remain long unchang'd; all other fixed bodies 


grow red-hot in this degree: the fixed ſalts of vegetables and foſſils _ 


_ 
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are deprived of moſt of their oils, and raiſed further and further to- 


wards an alcaline acrimony, and thus with ſand or flint turn to glaſs ; in this 


lime-ſtones calcine, and all other bodies vitriſy, or become volatile, and 
diſſipate in the air. 
8. The ſixth and laſt degree of fire is that made either by a burning lens The fixth. 
or a ſpeculum, which ſcarce any ſubſtance is able to withſtand, and gold 
itſelf becomes confiderably alter'd thereby: concerning this degree of fire 
conſult Homberg's, Hartſoeker's, and Villette's experiments; as alſo what we 


have already delivered in the courſe of this hiſtory. Its uſual and almoſt 


univerſal effect on all bodies is their vitrification z whence we lay it down, 
that the ultimate effort of any fire hitherto diſcovered is to vitrify all fixed 
bodies. This the antient ſages of Aja ſeem to have been apprized of; as 
they relate in their predictions, that the whole world ſhould at length pe- 
riſh by fire, and be turned into tranſparent glaſs. + Thus much at leaſt we 
have ſufficiently made out concerning the degrees of fire ; human under- 
ſtanding being unable to fix its ultimate limits. It will now be neceſſary 
to ſhew how a fire may be raiſed, and maintained in any given degree; upon 
which the whole art of the chemiſt immediately depends. 

9. In reſpect of this we obſerve, that it is much more difficult to pre- Her t dire? 
ſerve a great degree of cold for a long time, than to maintain a great degree 4 32 
of heat for an equal continuance; as ſufficiently appears from the works of a, wy dear, 
glaſs-men, forgers, and founders of metals, &.—— Now the way to 7 tbe nature 
guide and moderate the fire, is firſt by making choice of ſuch among of the t wel. 
the fewels above rehearſed, as is fit for raiſing the requiſite degree of 
fire. Alcohol affords a very feeble but equable flame, which may caſily 
be 82 by the lighting a greater or leſs number of wieks: for the re- 
quiſite degree of fire being ſettled, there remains nothing but to light a 
_ furniſhed with a ſufficient number of wieks to raiſe the thermometer 
to the degree deſired. After alcohol follow other light, porous, and ſpon- 

y fewels, as hay, ſtraw, ruſhes, dried leaves, hair, feathers, ſaw-duſt, 

rks, chaff, bran, Sc. and after theſe, oils, tallow, wax, camphire, pitch, 
roſin, ſulphur, and other combuſtibles prepared from theſe ; then the thick 
hard heavy woods, not over dry, and the coals made from thence; and laſtly, 
red-hot metals and pit- coal. 

10. A different degree of fire may alſo be raiſed, from the loweſt to 4 in guan- 
the higheſt, by the quantity of the fewel applied; ſince if a great heap of it. 
this be thrown on and kindled together, the fire produced thereby will be 
Proportionably greater and ſtronger; it being a rule here, as every where, 
that vis unita fortior. 

11. The degree of heat produced, alſo differs, with regard to the object 4nd difance. 
to be changed, according to the diſtance at which the fire is applied to it, 
by reaſon the heat neceſlarily diminiſhes as that diſtance is greater. Some 
Philoſophers. have imagin'd, that this diverſity might be reduced to a 
limple law z as holding that the powers of corporeal qualities decreaſe in a 
reciprocal ratio of the ſquares of the diſtance, from the centre of the body 
Which exerts ſuch quality; and accordingly, that at a double diſtance from 

e ſice its power will be four times leſs. But to admit this for a * 8 

ou 
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The Theory of Cugurs TR. 
ſhould firſt be certain whether the fire itſelf, when collected into leſs ſpace, 
does not acquire ſome new powers, which do not depend on the mere num. 
ber of the fiery particles, but on ſome other power arifing from their cloſer 
contact. If this be conſidered, we ſhall find it true, that the nearer the 
fire, the greater always the heat; but that the law of ſuch increaſe or de- 
creaſe is very different from the general one firſt laid down; fince in mak. 
ing experiments with care, we find a ſudden great diminution of the force 
of fire at a very ſmall diſtance from the body that emits it, which diminu- 
tion increaſes, the further we recede from the fire, tho? not in the ſame, 
but a leſs proportion, From whence it appears probable, that the particles 
of fire, beſides that power which they have in acting on any other bodies, 
have ſome other power, ariſing from a relative motion produced by their 
being very near each other. For as Grimaldi and Sir Jaac Newton have 
obſerved, that the particles of fire, when ready to ſtrike againſt opake re- 
flecting bodies, acquire new motions by the vicinity of ſuch bodies; thoſe 
particles may perhaps acquire ſomething of the ſame kind by their vici- 
nity to each other : but of this matter we have ſpoke more fully above. 
12. Laſtly, the degree of fire may be modified by ſhaking, ſtirring, and 
compreſſing its fewel, or the airy vault ſurrounding it: Theſe make a great 
increaſe in the violence of fire, and the greater as they are ſtronger, pro- 


vided the vault be not deftroyed by them, as we have above explain'd : _ 


and fince we have no more commodious and cogent way of producing this 
agitation and compreſſion than by blowing, or driving a ſtream of air upon 
the fire, bellows hence become of extraordinary uſe to preſs the air cloſer 
againſt the ſurface of the fire, and hereby ſhake the fire compreſſed under 
it; as has been already ſhewn in ſpeaking of this aerial vault around a 
kindled fire: where we likewiſe obſerved, that if the blaſts of a great num- 
ber of forcible bellows were directed from different parts of the circum- 
ference, around a fire to the ſame point in it, its power would be directed 
with ſtill greater violence upon an object placed in ſuch point, and con- 
ſequently make a greater alteration therein: this artifice is accordingly 

uſed by refiners and aſſayers, when they require the higheſt degree of fre. 
13. To theſe may be added, a fifth method of ordering the degree of 
fire ; viz. by means of the arched figure of the furnace, diſpoſed to reflect 

the fire, and collect it into a given place of the focus (o). | 
14. To ſay no more; if the five above-mentioned 772 be applied 

at the ſame time, we ſhall have the greateſt poſſible degree of vulgar fire. 
15. Theſe are the chief matters which I had to deliver (Ohana the 
me 


the dearine of natural hiſtory of fire, as it is concerned in chemiſtry, They have co 
E indeed much labour; to what purpoſe I muſt leave to others: but thus 


much I think I have fully ſhewn may ſafely be inferred hence, that a fie 
of the ſame definite fewel, d „and manner of application will always 
have the fame effect, on the Em object, whether it be to ſeparate or 
combine; and that unleſs thoſe conditions be firſt accurately aſſign'd, no- 
thing certain can be concluded concerning the action of fire on bodies 3 


conſequently, that in deſcribing chemical operations, the greateſt 9 5 — 


3 


(s) See hereafter the article of Fuxxaczs, 


as co ** "EY . 
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always be taken to be my preciſe on thoſe heads, which accordingly we have 
been very ſollicitous to do thro? the courſe of this chapter. By ſuch means 
might the art of chemiſtry be reduced into a ſcience equally certain and 
lar with others. The degree of fire, then, is always to be 
as alſo the ſucceſſion of degrees, the fewel it is ſupported by, with the 
weight of the atmoſphere, its warmth, motion, wind, or blaſt ; and laſtly, 
the object itſelf : this will prevent a perſon being led into error, who ſhall 
undertake to imitate the ſame. a | 
16, To the whole, we may add a few circumſtances relating to the nature Auna 
of fire; as that fire does not want air, nitre, fewel, ſulphur, or any other articles t che 
body. The true naphtha catches fire the eaſieſt of all known bodies, at a h le. 
derable diſtance from the flame: and the like holds of the pureſt 
leum (p). Bodies ſmear'd with this liquor of naphtha, and then 
Locle and thrown under water, continue ſtilb to burn (3. Naphtha 
will kindle by the flame of a candle, even placed in a lanthorn, and thus ex- 
eluded from any contact with it (r). Gun-powder being encloſed in a ma- 
chine, which water could not penetrate, and a clock encloſed together 
with it, which ſhould at a certain time, by ſtriking a flint againſt a ſteel, ſet 
fire to the powder, and the whole being let down to the bottom of the ſea, the 
powder was accordingly kindled-there, a rumbling noiſe heard, and. 
a thick ſmoke raiſed from whethaid but no Hamme): An experiment very 
confiderable, and which may afford mattet of much ſpeculation, Sibbald 
relates ſomething till nigre ſingular c ing the lake §trath-Eritb, whoſe: 
water never freezes, even in the ſevere cold before the month of Fe- 
brug; but often afterwards, een Mich) fingle night's froſt, will be co- 
ver'd with a ſtrong ice (t). This ſeems fo argue, that as the heat increaſes in 
one place, it increaſes the cold pen ly in another; which is fur- 
ther confirmed from a —— ſervation of a little brook which never 
freezes, even in the coldeſt ſeaſon (u). And the ſame is ſtill further con- 
firmed, from what is related by the Abbot Beiſſot and du Hamel (x) 3 viz. 
that about five leagues diſtant from Yeſuntion in France, there is a cave three 
hundred paces deep, which, in a hot ſeaſon, yields more ice in one day's: 
time, than the carts and mules can carry off in eight days: being often found 
to riſe to four feet thickneſs ; whilſt in the winter · time it ſhows only a thick 
vapour, with a rivulet running in the middle; which rivulet is always frozen 
in ſummer, When the vapour appears in this cave, is is leoked on as a 
certain prognoſtic of rain. f| 17 to enſue. So we find in green-houſes- 
and ftoves, where plants are kept in winter, that the more the heat is increaſed:_ 
in ſome places, the more ſevere is the cold in others, where the fire cannot 
reach, So in the ſmelting-houſes for iron and ſmiths forges, the more vio- 
ently the fire burns, the greater cold is found in the adjacent places. 


17. 
Aar des Scav. 1675. bh Pbiliſ. Tranſact. No. 56. p.1139- 4 
Tarn. des Scnv. 1683 K = 2. Yu. — , 

9 2 Traaſad. 100, p. 188. (x) See Journ. Scav. 1686. p. 336. & Hift.. 


r. dt Aer. W 1? rent. - 
40} Scar 1 Gravitat. p. 301. Acad. Scient. p. 257 
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Dbe Theory of Curuisrse. 
Thus much for the nature of that wonderful caufe, which the Creator 
. is in the univerſe, with a power of exciting ſuch motions in bodies, 
#s are "neceſſary for effecting thoſe great alterations, every where found 
throughout the world, I here leave the matter, after having examin'd it 
with my utmoſt | endeavours, to be further purfued by others. There are 
. things till remaining to be diſcovered in it, which may afford room 
beneficence to find out and impart to mankind, in order 
more fully to underſtand and adore the power and wiſdom of 


The Theory of CMT RV. 


Of AIR. 


ſequently its pro and powers are to be thoroughly under- 
food, in order to a knowledge of the manner wherein yſical alterations 
are made. But as this is more compound than fire itſelf, its nature accor- 


dingly becomes. more difficult to inveſtigate ; ſo that to get an inſight into 
its hidden properties, we muſt ſet out as if we were utter tterly ignorant of it; 


and proceed with the ſame caution as we have already done in the diſeovery 


of fire ——By air, then, we e 


and which only diſcovers itſelf by the reſiſtance it makes to the velocity of 


moving bodies; or by its own vehement motion againſt other bodies, called 


wind (5). This we Ne 
ace 


— 


Mr. Boyle eonjecteres the atmoſpherical * RESO RUNS ſolid, and mi- 
air ”w conſiſt of three different kinds of cor- —_ CO of clatcity, deing | 
paſcles : the firſt, rhoſe numberleſs , 
which, in the form of oy © or _ 6 . v — a proper 4 — of their 


N f ay elaſtic ar 4 
tables, b. in a wo — af —— c air 
. are elevated by the cele- bY; Neo hems chat gun 


into "the atmoſphere. The ſecond may be yet ſmoke, or 
minute atoms, the magnetical effluvia of 
third ſort i is its charaQteriſtic and - —— it, and increaſing the eſſect . 


The ſame author gives us ſeveral for that all appears to be air, does 
r air; continue ſuch, is evident hence, chat if an 


_ the word produ2icr for the obtaining — — of water be ſufficient _—_ and” 
eq to expel the particles” Its a- 


ande of that fluid from bodies 
wherein it did nor before appear either at all, = vapour ; this will — orcibly 
or in ſo great plenty; though perhaps ſome 


de 0 of dir in 


niently held thereto: yet ſuch a vapour, tuo 


; , "Amos the ſeveral ways of producing air, whilſt the motion laſt it reſembles air, foon © 


; for practice Jem to be fermen- loſes that reſemblance ; eſpeeially in the cold; 
— — „ and the diſſolution of bo- and returns, by condenfation, to its original 
dies, by the boiling of water and other li- water. 


1 the mutual action of bodies upon * Various hypotheſes be framed re. 
, — ſaline ones; and * lating to the ſtructure of the particles of 


{ily 27.5 e certain air. Sim int be reſembled to the 
6 ſprings. 2 coiled up and endea- 
cc 2 n 

bx "Yo Vol. II. N 16 17. + B 4 A Dοι. 


optic, P- 317. 4 


UR next ſtep is to treat of air, whoſe action and concurrence 4ir, bow ts 
are uſed in moſt of the operations, both of nature and art; con- ©*quired 


A 
parts, afford, in the confi, a conſiderable 


ſtial, or ſubterraneal hear, and thence diffuſed Ä i.e. N it W a” 

hot exhalation, confiſt- 

more ſubtile, and conſiſt of thoſe exceedingly ing chiefly of the ſpirit of nitre, rarified by the 
the accenſion of the falphor and charcoal, and 

driven off much after the manner of water out 

from 2 N ——— of an eolipile; the volatile ſulphur, at the 
The ee impulſe, the idea of light in ſame time, and the fixed body of nitre, join- 


efſeqtis of the later _ divide air - 
parts ®, tranfient or apparent, permanent or real 
0 — N 


iven out in a large quantity, le the blaſt of 
of his experiments e a new ＋ _ a pair of betfows, and occaſion a ſharp, whiſt-_ 
ar the Elcder ſenſe of the ling noiſe againſt the edge of a knife conve- . 
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ſurface of our earth: in this mankind live; this they continually breathe, and 
are neceflarily every moment inſpiring and exſpiring to ſupport life; ſo that 
all aſſiſtances of art, excluſive of the help of air, would be of no uſe to its 


preſervation (2). 


< youring to reſtore themſelves ; to flocks. of 


© wool, which bein compreſſed, have an ela- 
* ſtic force; to fl wires, of different ſub- 
« ſtances, conſiſtences, lengths, and thickneſs, 
in greater curls, or leſe, near to or re- 
* moter from each other, Cc. yet all conti- 


« nuing ſpringy, expanſible, and compreſſible. 


« v, they may alſo be com to the cendin 
« thin- ſhavings of different kinds of wood, tilenti 
4 5 in their lengths, breadth, and thick- 

e ne e 

(.) In an expreſs treatiſe on the whole /ore- 

weſt and uwruholeſomeneſs of the air, Mr. Boyle 


makes a that it depends principally on the 
— the air receives — ubterraneal 


effluvia, a cauſe rae overlook'd by phyſi- 
ciansz of which he diſtingaiſhes di 8 
vx. ordinary, Which are almoſt conftantly 
ſending up ; extraordinary, which riſe but at 
certain times. Theſe, again, if they come at 
ſtated ſeaſons, he calls periodical; if uncertainly, 

fortuitous or ir k 
Jn the „ tho' the wholeſomeneſs of 
air in ſome places may be chiefly due to the 
wholeſome expirations of ſubterraneal bodies ; 
is the air depraved in far more places than 


it is improved, im ted with 
S 
.nerals. known to us, there are many more 


.npx30us than wholeſome ; and the power of the 
former to do-miſchief is more efficacious than 
of. the latter to do good ; as 1 
the ſmall benefit men receive in point of heal 


by the effluvia of any mineral, or other known | 


ſoſſil, in compariſon of the t and ſu 
mage that 3s often.done be tha expi 
orpiment, ſandrac, and white arſenic. _ 
Among the various ſorts of 
with the atmoſ; 2 ſome, he ſhews, 
may be ſo and ſolid, or ſo conveniently 
Shaped, as to enter many of the numerous ori- 
fices of the minute. glandules of the fkin, or 
at other pores thereof. Thus, tho* neither pa- 
per, nor a bladder, be pervious to the elaſti 
parts of the. air ; yet may either of them be 
| by other corpuſcles of the at- 
e: and that excellent author has 


| a body, which being incloſed in 
either, without wetting or diſcolouring, 
or any way ſenſibly altering them, paſs in a 
rica thro! the pores theredl, in ſuch plenty as 


® Boyle Abr. Vol. III. p. 17, 21, Cc. 


even a ſmall earth 


particles where- . 


2, 


to exert a manifeſt operation on bodies placed 
at ſome diſtance therefrom. a 

Fa, is —— from the ſudden check 
every ſummer given to the plague at 
Grand Cairo : for, ſince morbific — ope- 
rate more effectually than curative ones; it 
ſeems more than probable, that exhalations aſ- 
from under ground, may produce peſ- 
fevers, and the plague itſelf; ſince the 
.corpuſcles which 2 the Egyptian air 
upon the ſwelling of the Nile, put « ſpeedy 


not only to the contagion, but to the 
* ity of the plague, Med even by the 


ſummer's heat, which there is exceſſive. 


"Tis very probable, that moſt of the dif- 
— was even . call n, are 
cau el Þr incipally or ſecondarily, 
ſubterraneal ſteams. | * 

Indeed, there may be noxivus minerals in a 
country, without being often able to produce 
peſtilences : they may lie in beds ſo deep, that 
5 ſhall not reach ſo far 
downwards as to affect them; tho' a more vio- 
lent ſhock may. And hence we may account 
for the plague's raging in ſome parts of 4frica, 
once in thirty, or once in a hundred years; 
fince there may be periodical par or 

and vehement commotions in ſubterra- 
neal parts, tho? not yet abſerved in them. A 
late judicious French hiſtorian records, that a 
very. pernicious diſeaſe, of the nature of a 
cholic, reign'd in France every tenth year, for 
ſeventy 


pen'd in France in 
village, or even an houſe, eſcaped uninfedted, 


before, in the kingdom 


- * two years ö 
of Cathay, by a vapour molt horribly fetid, 
and br out of the earth, like a kind 
* of ſubterrancal fire; which conſumed and 
« devoured above two hundred leagues of that 
country, even to the very trees and ſtones 3 
* and i rr 
He adds, that Cathay it paſſed in 
* Afia and Greece, thence into Afric, and af: 
« terwards into Europe, which it 
throughout T. . 

And not only plagues, but moſt new, con“ 
tagious, andepidemical diſeaſes, Mr. Boj/etakes 
to. ariſe from ſubte! cauſes. 


+ Hiſt. de France. 


years together. 
Mereray relates, That the lague, 
N tes, REED 


was ſo contagious that ſcarce a 


— a— 1 r * PR ak. 
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2. If we trace the order of nature, it will be found, that this air is an An almoſt u- 
wiverſal, neceſſary, and moſt efficacious inſtrument, which nature is per- niverſe 
petually applying in almoſt all her works; for in this all the ſpecies of bodies 3" 
are placed; in this they 33 their motions, and exert the ſeveral actions, 
which ariſe either from the proper and peculiar nature and powers of each, or 
from the mutual relative powers between them. Nays it will hereafter be 
hewn from experiments, that there is ſcarce any fluid, with whoſe particles 
air is not mixed; or any ſolid, from whence air may not be extracted by 
att; ſo that it would be very difficult to aſſign any known operation of nature, 
which is performed without air, excepting, perhaps, thoſe of magnetiſm, 

vity, and the particular attraction and repulſion between the particles of 

ies, which ſeem capable of being performed without air; but for all the 
reſt, this inſtrument is indiſpenſably neceſſary : and for the operations of 
chemiſtry they are all performed in air, without one exception that I know 
of; unleſs alchemiſts imagine, that the matter of the philoſophers ſtone, duly 

pared, and carefully incloſed in the philoſophical egg, 1s to be deftitute 
of all crude air, and ſucceeds better in vacuo than in the air itſelf : it being a 
conſtant principle among them all, that nothing is a greater impediment to 
the matnration of this wonderful work than crude air ; but this probably is 
rather to be underſtood of the other ingredients mixed with air than ꝙ the 

re element itſelf. *Tis certain that fire, which moves all things, can 
bares be collected, preſerved, directed, heighten'd, or abated without air; Amate fre. 
and conſequently if air be neceſſary to fire, it is alſo neceſſary to all the 
works performed by it; ſince without air, fire ceaſes to operate, nor can 
be applied at all: where, by fire I mean that kindled and preſerved by a 
proper fewel, which is that uſed both by art and nature in moſt of their 
works; and for which, we have already ſhewn, by a great variety of argu- 


ments, that fire is abſolutely required (aj 


ſances a great cold, which, in one day or two, 
invaded —— in the — with 
violeat and fatal ſymptoms ; when yet, he 

ſee no room to judge, that the bare 
coldneſs of the air could ſo ſuddenly produce 
a diſeaſe ſo epidemical and hurtful; and it 
ꝓpear'd more that the cauſe came 
from under ground, becauſe it began with a 
"ery troubleſome fog. 

Peculiar kinds of venomevs echalations, tis 
probable, may ſometimes be emitted; * 
after earthquakes; and thus occaſion mortal dil- - 
eaſes in animals of one kind, and not of an- 
her ; and in this or that place, and not ele- 

Fernelivs gives us an account of a 
ue or murrain in 1514, Which invaded 
none but cats, Dionyfuus Halicarnafſreus men- 
— a plague which attacked none but maids : 

that which raged in the time of Gonti/ts 
ed ſcarce any women, and very few but lulty - 
men. Boterus mentions another great 
*hich ted none but v anger fort : 


ul. Abr. Vol. III. p. 521, &. 


3. 
and we have inſtances of the ſame kind of a 
later ſtanding. Cardan ſpeaks of a plague at 
Rafil, with which the Switzers, not the 
lalians, Germans, or French, were infected: 


and Fob. Utenhowius takes notice of a cruel 


Plague at Copenhagen ; which, tho" it r 
among the — the Germans, Fry 
and Englih, who went with all freedom, and 


without the leaſt danger, to the houſes of the 


infected “. 


(a) We are extremely apt to be too =o” 


pitate in our concluſions ; after having learnt 


a few of the properties of = body, we think 
we have got all, and impoſe it on ourſelves 
to account for all the phænomena and effes' 


thereof, how various ſoever, from what we do 
know. Hence innumerable crude, conſtrained 
ſolutions. No body a 

on his guard. in this ref than Mr. 
ſaw abundance of from air, which did 
not appear to have any on the 
known mechanical properties thereof; _—_ 


to have been more 
le: he 
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Aan ai. 3. If we examine the moſt univerſal 2 or claſſes of bodies, it is evi. 
_ mm dent they every where require air, in order to live, grow, thrive, and act; 
A for if life in theſe be only a motion of their ſeveral humpurs through their 
proper voſſels, a converting of other matters by ſome inherent power into 
their own nature, or at leaſt the appoſition of «A, matters to their own maſs, 
from whence ariſes an increaſe of their magnitude; it does not appear that 
any one of theſe can ever be effected without the continual action and af. 

nh rene wands wn | 

4% of 4. chemiſts will perhaps wonder to hear me alledge air as nece 

air in the in the œconomy of foſſils, whoſe great ſimplicity of —— ſeems only * 
— 27 quire the action of fire to enable them to act, or undergo every thing that be- 
: longs to this ſpecies of Rings : but the ſkilful enquirers into nature have 
long ago diſcoyered that foſſils, even in the deepeſt mines, generate, mul- 
tiply, and are driven upwards ; all which is performed by ſome peculiar. 
wer of the ſubterrancous fire: but then it is alſo evident, that ſuch 
abterraneous fire, as perpetual as it is, is only retained,, collected, and 
plied in fach places by means of air. It. may. be worth while to ſet 
this matter in a clearer light, in regard it has not hitherto been well ſtated, 
Air, which: is fluid, heavy, elaſtic, denſe, in proportion to the weight 
where with it is compreſſed, acts more ſtrongly by the ſame fire, in propor- 
tion to the denſity it has acquired; expands in proportion as it is freed from 
the compreſſion of weights; 2 proportion to the fire Which acts 
on it: This air, we ſay, inſinuates into all bodies, penetrates into the very 
bowels of the earth, and more eſpecially exerts. all its powers towards the 


centte 


this view compoſed that excellent piece of way, without any ſenfible ſmoke ; and this 
Caſpigions * — bidden qualities *r * without any wieck at all. 
5 Air. Tbe difficulty, » e, we in Again, It ſeems ſurprizing what ſhould 
keeping flame ive, tho' but fora be in the air, which enabling it to keep 
* little time, without air, renders it ſuſpi- flame alive, does by being conſumed or 
removed, fo ſ render the air unfit to 
. — flame. It ſhould ſeem, by. the ſud - 
den waſting er ſpoiling of this fine ſubſtance, 
A — it be, that the pA 7 bat 
6 |, in proportion to air n um- 
2 tes with 10 virtue ; for after the ex- 
tinction of the flame, the air in the receiver 
* 7 not — ul be, aught [ 
\ parpoſely = p perceive, by ſeveral ways of } 
thut a ſmall-flame-of à lamp, tho“ the air retained either all, or the greate 
er recs, expire for want would, part of its ys which I take to be id 
K an 


receiver, expire” for want of air, © moſt. ine diſtinguiſhing property. 

| leſe erm one would believe. This, undefiroyed . ingineſs of the air, 

And it will not much teflen:the difficulty w-- with the-neceſhty of air to the life of 

chat either the groſs fuliginous ſmoke - bot animals, a great ſuſpicion « 

ia a veſſel, tified the flame ; or that * ſome vital ſubilance, if 1 may ſo call it. 
« the preffure of- the air is requiſite to impel * diffuſed through the. air, whether it be 2 
up the aliment into the wiecks ; for to ob- volatile nitre; or- rather ſome anonymous - 

vlate theſe objections, it . © ſubſtance, ſidereal or ſubterrancal ; tho not 

of ſpi 


| i i ſo ne- 
experiment holds rit of wine, * ly of kin to that which ſeems 10 pr. 
+ which, jn-the open air, will barn quite a- reflary jothe maintenanceoforter fhme'*; 


al, Abr. Vol. III. p. 76, & ſeq, : 


centre thereof: Hence then it will always act more violently in the earth, in 


without air ; and hence we have a probable reaſon why thoſe bodies are 


it being known, by the moſt acurate modern experiments, that no 81 
mimals, or ſeeds les, however mature and prolific, will, if pt 
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proportion as it is deeper and denſer, and more agitated by the fire, mort 

lentifully collected by this attrition of the air; and thus becomes the phy- 
cauſe of the ſtrong compreſſion, attrition, purification, and collection of 
homogeneous matters; whence it is, that the foſſils here produced are en- 

dued with the like nature. Nothing of this, therefore, could be effected 


only there : but of this we ſhall have occaſion to ſpeak hereafter ; 
all we here intend to ſhew is, that the preſence and active power of air arg 
in all the operations of nature, 
5. Nor need we expatiate on the power of air upon vegetables and plants 3 t neceffiey't> 
2 production 


without air, ever or produce their embryo's, even though they 
cheriſhed 2 brooding heat. Thus even the ſmalleſt plants, 
for inftance moſſes and weeds floating on water, immediately die in a place 
where there is no air, or even when the air ſtagnates, and is at reſt : and 
the ſame holds true of all animals, even the minuteſt inſect; fo great is the 
dominion of the air over all things. | 2 | 
6, An exact knowledge of the air, therefore, comprehending its active Ii knowledge 
operties, is abſolutely neceſſary, both to a chemiſt, a Ne and a **/ary. 
philoſopher, in order to underſtand the ptoductions both of art and nature; 
one of the chief cauſes and agents wherein is ſome innate property of nit, 
7 perhaps any body more dificuſe to be The A 
"6 e mean while, there is not perhaps any more difficuk to be The ca! 
underſtood, in regard it does not of itſelf, and by its own nature, be eng. 
affect the organs of our ſenſes, by reaſon doubtleſs of its great ſubtility, 
which eſcapes the groſſneſs of our nerves; ſo that even the moſt perfect 
microſcopes diſcover nothing in it. What renders it ſtill more difficult to 
underſtand, is, that it contains within it various kinds of other bodies, ſo 
that we ſcarcely-find any fluid in nature, compoſed of ſuch a variety of dif- 
ferent ingredients ; and it will be ſhewn in the courſe of this chapter, t 
there is ſcarce any ſpecies of bodies, ſome parts of which are not fotni 
= in the air ; gold itfelf, though one of the leaſt volatile, not ex- 


8. Hence, the more neceſſary it will be to examine all its properties di- How # be 
ſtinctly and ſeparately, taking cate not to admit any confuſion therein; atid M d 
after each of them has been thus ſeverally conſidered, it only remains to 
collect all the obſervations into one te, and we ſhall have as juſt a 
nd wledge of the nature of air, as the Tubje& will admit. 5 
9. The firſt property which appears in the conſidęration of air is its flui- hat air i- 

This indeed is ſo effential to alt, that we do not find any inftance Ai, 
wherein it was eyer taken from it. . | 
10. "Tis obvious, that in the keeneſt froſt, when every thing elſe con- 
gras, air (till remains fluid; fo in a cold, 40 degrees greater than nature | 
deer made, the air has been found fluid, though excellvely conſtringedy | 
art! if air be compreſſed into the ſtnalleſt ſpace, by the gteateft power 

* . | — 


5 
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or weights, it ill remains equally fluid, and when the compreffion is abated, 
returns to its former fluidity. Among a great number of experiments, 
wherein 1 have mixed a great variety of. liquors, and by this means have 
red a.multitude of different coagulums; I have never met with a fingle 
inſtance, which ſhew'd that common air. might be coagulated into a ſolid 
maſs,  *Tis true, I have ſometimes obſerved, upon viewing the air at noon 
in a cold clear day, a number of little corpuſcles floating in it, which ſhined 
by the ſun's rays, and even ſparkled by the different reflection of theſe rays, 
as the little ſurfaces of the corpuſcles happen'd to change their fituation ; 
but upon further examination, I have found that theſe were only little 
bes or maſſes, formed out of particles of water diſperſed in the air, col- 
&ed together, and as it were frozen into the form of a ſubtile floating hoar- 
froſt. So that if fire be able to cohere. and conſolidate with other bodies, of 
which-we have ſpoken in the prereling chapter, air would be much more tena- 
cious of its natural fluidity than fire itſelf. But to me it rather ſeems probable, 
that there are in nature two fluids,, whoſe particles never unite or cohere, 
either with themſelves, or with any. other matters, ſo as to form an homo- 
geneous mals. z and theſe. are air and fire: though it muſt, be remember d, 
that this ſame air coheres with all kinds of known bodies,. and thus con- 
. ſpires as. an element to the compoſition of concretes, as ſufficiently appeas: 
by the great quantity of air, which ariſes from almoſt all bodies, when re- 
ſolyed into their elements. This the late philoſpphers call, thougł perhaps 
with little pro riety, factitious air: upon examination it appears, that this 
air is contain'd in all known fluids, and penetrates, together with theſe, 
into all the receſſes of ſolids, ſo as upon the coalition thereof, it is ſtopped: 
and detained in their portes, as in ſo many minute bubbles, and at laft, 
upon the dĩſſipation of the fluid, here with it was at firſt introduced, is left 
e from whence it clearly appears, that the air here had. not cohered or 
united with the body, but on been detain'd or impriſoned: therein; and 
accordingly, no ſooner does it find a. paſſage, than it immediately flies out, 
and reſumes its former nature. This may be further ſhewn:from the inſtance 
of common water,, when turning to ice, wherein a great quantity of air is 
bdged, thougk invifible ; for as ſoon as the water begins to cohere, and its 
arts become cloſer applied to each other, wanting the power of fire,. which 

is neceſſary to ſeparate the particles from each other, and hinder them from 
joining in their mutual natural embraces, . the particles. of air,, intercepted 
een thoſe of tHe water, are unable to cohere, but are extruded out of 
the pores of the water, united. with other aerial particles, and thus ſepara · 
ting om the water, gather into bubbles, and conſtitute a fluid air, 3 
This ſhews,. that the air did not cobere or coagulate,, that it only 
 remain'd. intercepted, not alter'd-z. and the like being found in all ether 

caſes, we * lay down fluidity as the firſt property of air. i 
1 1. This fluidity of air ſeems, in the firſt place, owing to the tenuit/ 

f of of its parts, which are ſo exceedingly fine, as to be incapable of being ren- 
farts. der'd” vifible by any microſcope ;. and yet they muſt be much larger than 


thoſe of fire, in regard they cannot 17 metals, glaſa, ſtones, the 
 Raſer woods, nor even good paper itſelf; and hence air may alſo be 14 


* 
- * 


10 
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cluded from many bodies, and cannot even paſs thro? the inviſible pores 


of ſome, that would admit of alcohol, wine, oil, water, brine, lixiviums, 
and alcaline or acid ſpirits; as appears from the air- pump experiments: 
for here the ring of leather, laid upon the braſs plate of the air-pump, 
to ſupport the glaſs receiver, being preſſed upon by the edges of the glaſs; 
and the air being extracted from its cavity, the weight of the atmoſphere 
preſſes the edges cloſe to the leather; upon which, the external air will 
not enter thro* the pores of the leather, under the edges into the receiyer, 
but be intirely kept out: whereas if any of the above-mentioned liquors 
be externally poured upon the leather ring, they will ſoon be ſucked up 
by it, infinuate themſelves under the ＋ and get into the receiver: which 
plainly ſhews, that even thick and viſcid liquors may eaſily enter, where air 
will notz and the ſame might be ſhewn' by many other experiments. 

12, Theſe ſmalleſt particles of air, are fo eaſily ſeparable from each other, 
that, in order to ſeparate them, even a leſs force is required than our ſenſes 
can perceive ; and this ſeparation is equally eaſy in every direction. That 
air is ſo caſily diviſible, any one may find, by obſerving the motion of a 
ſmall ſmooth body thro? that fluid at reſt : thus, a needle may be moved in 
any direction thro? the air that ſurrounds it; and the like holds in all other 
ſimilar caſes: this 2 of air, I ſhall hereafter call its lubricity. 

13. Upon carefully examining into this property, it ſhould ſeem as if 
there was a certain attraction between theſe particles of air, whereby they 
eaſily run into mutual contact, tho“ of a very _ and ſeparable kind ; 
thus, when a fingle particle of air lies concealed in any fluid, we cannot 
perceive the leaſt figns of it; but if another joins it, we preſently perceive 
2 little air-bubble made of the two; which bubble reſiſts its ſeparation by 
a certain tenacity : if another ſuch bubble or two be added to the former, 
tis manifeſt they make a larger, that retains its particular magnitude and 
ſpherical figure. This, it may be ſuſpected, is owing to the compreſſure 
of the ſurrounding fluid: and by allowing it to be ſo, it will follow, that 
there is a ſtronger attraction between the particles of air and air, than 
between thoſe of air and the particles of the compreſſing fluid; and doubtleſs 
the attraction between theſe particles is exceeding ſmall. Some might ſuſpect 
that repulſion takes place here, according to what Sir Iſaac Newton has 
ſhewn (5). This may be poſſible, and we ſhall treat of it below: in the 


(5) The inſtance of air and vapours, which * a denſe body: which vaſt contraction and 
ſeem to diſcover ſome ſuch repelling power, * expanſion ſeems unintelligible, by feigning 
that illuſtrious author brings as an argument * the particles of air to be ſpringy and ramous, 

the ſame power being found in other bo- or rolled up like hoops, or, by any other 
Cits.—* The particles emitted or ſhaken means than a repulſive power. | 
off from bodies by heat or fermentation, * The particles of fluids, which do not co- 

fays be, ſo ſoon as they are beyond the reach here too ſtrongly, and are of ſuch ſmallneſs, 
of the attraction of the body, recede from as renders them moſt ſuſceptible of thoſe. 
| it, and alſo from one another, with great * agitations, which keep liquors in a fluor, are 
ſtrength, and keep at a diſtance ; ſo as ſome- * moſt eaſily ſeparated, and rarified into va- 
times to take above a million of times more pour, and in the language of the chemiſts, 


pace than they did before, in the form of ate volatile, rarifying with an eaſy heat, and 
D d d | * condenſing | 
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of the parts of 


air. 


Their mutua i 
attract ion. 


that at preſent nothing ſeems better eſtabliſhed in all phyſics (c). 


ing moſt difficulty brought together, which, 
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mean time, we lay it down as certain, that theſe icles have a power of 
uniting into a ſpherical figure, and thus of long defending themſelves again 
the ſurrounding preſſure. 

14. For, upon a cloſer examination of this attractive principle, we ſhall 
find that theſe particles of air, when ſingle, preſently inſinuate into, and mix 
themſelves with any liquor that is deſtitute of air, adhere tenaciouſly tq 
it, and lodge quietly in the interſtices thereof; after the manner of ſalts dif. 
ſolyed in water: on the other hand, we ſhall ſee hereafter, that a large 
bubble of air, conſiſting of many aerial particles united, being placed upon 
the ſurface of a liquor purged of air, reſolves into its particles, which be- 
ing thus disjoined, ſlip into the interſtices left in the liquid, without ever 
colle8ing into bubbles again, unleſs a freſh cauſe be applied. 

1.5. And hence we may underſtand the above-mentioned imperceptibility 
of air, with reſpect to our ſenſes : for we ſhould have had no notion of air, 
the ſubject we are treating, without obſerving the motion of large bodies 
thro” it, and particularly of ſuch as have much ſurface, and are moved broad- 
ways: for thus we are preſently made ſenſible, that air by its ſtrong reſiſtance, 
is a corporcal ſubſtance: and as this refiſtance increaſes in a duplicate ratio 
of the velocity of the moving body ; tis manifeſt it may be prodigiouſly 
augmented. For example, let any one attempt to move a thin copper- 
plate of a hundred ſquare feet, perpendicularly, with its flat ſide forwards, 
in a ſtill air, at the rate of 22 feet in a ſecond, and he will be ſenſible 
of an almoſt incredible reſiſtance, which may eafily be computed on M. 
Mariotte's principles. This is to be underſtood of the entire air as a com- 
pound, wherein not only light and ſmall bodies, but alſo large and heavy 
ones may 3 as we ſee by the flight of birds, and bodies carried away 
The next thing to be conſidered of air is its entire weight, or the 
weight of the atmoſphere. Torricelli attempted to diſcover it Ratically, 
in the year 1643; Ot Guerick confirm'd it by experiments, in the year 
16553 it was afterwards illuſtrated by M. Paſchal, carried further by Mr. 
Boyle, and finiſhed by M. Adariotte, in a fet of elegant experiments; ſo 


17. 


condenſing with cold: but, thoſe which are * that true air is more penderous than vapour, 
groſſer, and fo leſs ſuſceptible of agitation, * and that a moiſt atmoſphere is lighter than 
* cohere by a ſtronger attraction, and are not * a 25 Opticks, 5. 371, 372. 
ſepatated without ſtronger heat, or perhaps (c) We have ſenſible demo of the 
not without fermentation, and theſe laſt are thing from experiment; thus the hand ap- 
the bodies, which chemiſts call fre; which, plied ſo as to cover the orifice of a receiver, 
being rarified by fermentation, become true upon working the air-pump, and thus with. 
permanent air ; thoſe particles receding from drawing the ſubjaeent air, ſoon feels the load: 
one another with the greateſt force, and be- fo exhauſting the air from a thin, ſquare glaſs 
receiver, the preſſure of the incumbent air 
upon contact, cohere moit 9 12 ceaſily burſts it: again, two hollow ſegments 
* And becauſe the particles of permanent of a ſphere end * Frvmy other, being 
* air are groſſer, and ariſe from denſer ſub- e xhauſſed of their air, thus expoſed to the 
« fances than thoſe of vapours, thence it is preſlure of the external air, will ſuſtain a fore, 


J...... IS 


thus, the atmoſphere has a different weight upon the coming on o 
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17. But the comparative weight of air ſtill remained difficult to determine; Iii relative | 


it appearing upon trial, that no two equal bulks thereof, taken at the ſame 8799 


time at different heights, were equiponderant, but that the lower always 
weighed more than the upper; and this was found true, beginning at the 


ſurface of the earth, and proceeding to the tops of the higheſt mountains: 


and even at the ſame place at different times, an equal bulk, of air does not 


retain the ſame weight, but ſuffers a t variety. 


18. Again the atmoſphere in our climate, where-ever it has hitherto been Ne variables 
tried, is ſubject to great and almoſt perpetual changes with reſpect to its 2% of its 
weight, which never remains the fame long together. This difference is eilt. 
chiefly found on the change of meteors in the air, which frequently oi 
rain, 
ſhowers, miſts, hail, ſnow, lightning, thunder, coruſcations, alterations of 
the wind, ſtorms, whirlwinds, droughts, and the changes of the aſpects of 
the planets: even the different ſeaſons of the year occaſion ſurpriſing changes 
therein; ſo that the conſtant, and ſucceſſive mutability, depending upon ſo 
many renewable cauſes, renders the atmoſphere ever variable in its weight: 
whence alſo proceed numerous effects about the ſurface of the earth, depend- 
ing chiefly upon the variable weight of the air, which is continually chang- 
ing (d). We learn from careful obſervation, made and continued for t 
ſpace of 86 years; that the greateſt and leaſt difference, here in Europe, 
in this weight of the atmoſphere, is equal to that of 30 inches and 2, and 
27 and 4 of mercury in 2 ſo that the difference is about 
a 4x part of the greateſt weight. 

19. This frequent change in the weight of the air depends upon many Reducible tv 
different cauſes ; and as theſe cauſes are certain, they may be diſcovered by re. 
careful and accurate obſervations, ſo as to aſſign the reaſon of this fluctuation > 
and uncertainty. Nicolas Cruguius has ſhewn us the way of bringing this 
matter to a certainty, in his meteorological tables, formed with great induſtry 
and exactneſs; —— we ſee — one view, all the _ that 2 _ 
increaſe the weight of the atmoſphere in every degree. It were to be wiſhed, 
that a proper inducement might encourage others to follow the example of 
ſo uſeful an inquirer into natural philoſophy. | 

20. It was alſo at length diſcovered, that the common weight of the air The weight of 


about our earth, in a mean weight of the atmoſphere, and in a mean tem- 4/7 compare 
perature of the year, is to that of water nearly as 1 to $50 z tho this is 
nothing certain can be determined about it, 
D d d 2 21. 
. 
Aches, elbe parc to ſay no more, the the air, /ays My. Boyle, grows of a ſudden 
ag of mercury in the barometer to the height much lighter than uſual, the ſpirituous and 
that of 32 ſeet, are inconteſtable proofs of the * blood, — Bis frnll — . 
ht of the air. See the writers on hydro- ſo diſtend the greater veſſels, and alter the 
o Thus the of the air in point * veins and arteries ; whence ſeveral char 
gravity may come to have a very conſfidera- * may happen in the body.” Hift. of Air. 


to be underſtood according to the conditions above laid down, otherwiſe 
their diameter three ble influence on the healths of men. When 

of 28 inches, and of water in pumps, &c. to * aerial particles, plentifully l in the 
» Boyle, Walfius, “ Gra urſande, &c manner of the circulation thro' the capillary 


388 
The effe ts of 


The Theory of CHEMUIST RT. 
21. The air, by its weight, continually preſſes upon the ſurface of ou 


the weight of earth, with a force equal to that which ſuſtains a perpendicular: column 


the at mo- 


fbere, 


of quickſilver at the ſame height, it then ſtands at in the barometer; 
the baſe of which column is an horizontal plane, cutting a pyramid, whoſe 
vertex is in the center of the earth, and whoſe ſides touch the horizontal 
limits of the body preſſed upon by the incumbent atmoſphere : ſo that 


this power may every where be exactly calculated, from knowing the height 


of the mercury in the barometer, and the quantity of ſurface preſſed upon. 
And hence it follows, that bodies, fituated in the earth, fuſtain a greater 
preſſure from the incumbent atmoſphere, the nearer they are to the center 
df the earth: for, it appears from hydroſtatics, that fluids preſs upon 
their baſes in proportion to their altitudes; ſo that, if air be conſidered 
as an homogeneous incompreſſible fluid, we may eaſily compute in what 
warte. it preſſes upon bodies in any part of a perpendicular, tending 

m the ſurface to the center of the earth (e) but. as the elaſtic property 
of the air greatly alters the caſe, we ſhall treat of its effect below. Hence 
all bodies, contiguous to the air, are never long preſſed upon by the ſame 
external weight ; the preſſure varying almoſt every moment; tho? the dif- 
ferencein the ſame place never exceeds n of the whole. While the air thus 
preſſes bodies with a different force, it is alſo repelled by ſuch as are elaſtic, 


or have a natural power of expanding themſelves, or recovering their own 


bulk: whence all ſuch bodies, contiguous to the air, have a conſtant oſcilla- 
tion in their correſponding reciprocally to the increaſe or decreaſe of 
the weight of the air; and tho? this difference be ſmall, as never exceeding 


ds yet it is always ſomething, and nearly perpetual. It was obſerved in 


depending upon the viciſſitu 


the hiſtory of fire, that the ons of bodies. had another tremulous vibration, 
e of heat and cold; and this, with the preſent, 
may produce conſiderable and conſtant effects: ſo that we muſt allow theſe 


two cauſes, viz, fire and air, productive of a conſtant internal motion in 


all the parts of elaſtic bodies. It may here be added, that on. bodies ab- 


ſolutely ſoft, if any ſuch there are, or perfectly unelaſtic, as water for exam- 


ple, which cannot be compreſſed by external weight, the weight of the at. 
moſphere cannot a& by any increaſe, or diminution of. its weight, and con- 


fequently ſuch bodies will hence have no tremulous motion in their uw a 
„ S * Y 1 7 t 


de conſidered, as if it had once been water, pounds ; and 


which, tho' in fact it poſſeſſes a larger ſpace, quantity © 


(e) © The atmoſphere in its free ſtate « ſquare, and height 31 feet, will weigh 223? 
- b 3 E ne of Ga cart 
covering the earth to the height of 31 feet, contains 3711. 420000. 000000 fquare feet, 
but afterwards exceedingly rarified, _— * the product of theſe two ſums, which 5 
* ed, and converted into what we call air; 7 5 ISI. pounds, gives the 
water, and conſequently the 
has not a greater weight than water of the quantity of air required.” Paſchal, Trait ae 
© height of 31 feet: now it is —1 to com- FE quilibre des Liquenrs. 
* pute what quantity of water would every wa Hence, when a column of quickſilver, 30 
© {urround- the earth to that height, wh inches high, is ſuſtained in the barometer, © 
„gives the whole weight of the air; for, it frequently happens; a column of air, that 
© fiince a cubic foot of water weighs ſeventy preſſes upon an inch ſquare near the : 
© two s, a priſm thereof (to uſe that for of the earth, muſt weigh above 15 à 


* the ſector of a ſphere) whoſe baſe is a foot pounds. 14. ibid. 
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but then, as fire acts more upon ſuch bodies than upon any others, it is 
plain, that the force of fire is much more general in this reſpe& than that 


mY 


of air. | 


22, It may be proper, with regard to chemiſtry, that we next conſider . n of 
the effects of the external air, as it is at once both a fluid and heavy bo- he air as 4 
dy: for as ſuch, we have already ſeen, it externa!ly preſſes upon the ſur- fuid and bea- 
faces of all bodies; and hence it will inſinuate it ſelf into the ſurfaces of Y *. 


all thoſe bodies, 'whoſe pores are large enough to receive its ſubtile par- 
ticles, or whoſe texture is flight enough to admit them: whence we may 
infer, that the pores of bodies, which to us appear empty, may be full of 
common air; which air will produce its Popes effects in thoſe pores : and 
upon this, numerous natural effects frequently depend. *Tis a curious ob- 
ſervation in hydroftatics, that air, as a gravitating fluid, preſſes bodies e- 
qually every way 3 as laterally, horizontally, vertically, upwards, down- 
wards, and obliquely. This is demonſtrated in that ſcience z but as che- 
miſts are ſeldom acquainted therewith, it may be 1 to prove a truth 
of ſuch moment in chemiſtry, by a familiar example. Take three glaſs veſſels, 


the one of a cylindrical figure A, the other conical B, the third bellied Plate 6. Fig- 


C, with a cylindrical neck; *tis plain from geometry, that all the kinds of '- 
ſimple veſſels may be referred to theſe three: let theſe be filled to the brim 
with fair water, and covered with a fingle piece of paper, ſo as to touch 
the ſurface of the water, and by preſſing it down with the hand, prevent the 
external air infinuating between the paper and the water ; if the glaſſes be now 
inverted, whilſt the paper remains preſſed cloſe with the palm of the hand, 
and the hand be afterwards gently withdrawn, the water will ftill remain 
in the glaſſes ; and the ſame holds true, tho' the glaſſes be held horizon- 
tal, or im any other poſition : whence we fee that air, as a heavy fluid, preſ- 
ſes equally-upwards, laterally, downwards, &c. Archimedes, obſerving this: 


property of every gravitating fluid, has raiſed many noble demonſtrations: 


upon it; and indeed. numerous conſequences might hence be deduced, 
which we leave mechanics to explain, whilſt we make uſe of them only as 
chemiſts, Hence it appears, that the air preſſes upon all the points of a 
ſurface expoſed. to it, and enters into all the pores it can come at, however 
they are ſituated, conſtantly preſſing againſt them with an equal weight, 
tho always more as the body is ſituated lower therein. And by ſtheſe its 
properties; air compreſſes bodies on all ſides, fills up their cavities, and forms. 
a ſtrong compreſſing ſurface about them; and hence it happens, that both 
the external and internal air, which is always 1 a moveable fluid, and 
by its gravity applies it ſelf to the ſurfaces of fluids, impinges agaiuſt, ſhakes, 
moves and agitates their ſuperficial parts; whence it wonderfully mixes theſe 

ids together, excites and applies their forces reciprocally, and 
thus conſtantly produces numerous effects: yet it does not change the figures 
of the bodies it touches, except ſo far only as they have pores void of air 3 
but if they are capable of yielding to the air's preſſure, they will thus be 
condenſed and leſi-ned in their bulk otherwiſe the air with all its weight 


cannot break even the weakeſt and moſt brittle body, that, being replete. 
Vith air, reſts in the. atmoſphere: the external preſſure in this caſe being 


exactly, 
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exaQtly equal to the internal. On the other hand we know, that the air i 
always in confiderable rapid motion; as clearly. s from hence, that in 
a ſtill place, ſuppoſe a cloſe darkened chamber, illumined only by one ſmall 
hole in the window-ſhutter, where, if a perſon at reſt views the-enlightened 
cone of air ſideways, as it extends along the room, he will perceive a ſur- 
priſing motion of the duſty atoms therein, tually rolling and toſſing 
about with great rapidity: whence it may be fairly concluded, that the 
fame thing happens, in a higher degree, in the external open air; fo as to 
excite a ſtill greater agitation, motion, and attrition in the bodies it hits a- 
gainſt ; ſince the motion is here perpetual, .and the power of gravity in the 
air equal to that of a column of water, thirty-three foot high. Hence it 
is eaſy to conceive, how great a degree of motion and attrition the atmo- 
ſphere exerts upon the ſurfaces of all bodies, eſpecially when a large bulk 
.of 5 is nl = a rapid motion, either by 7 N violent winds: thus ſup- 
poſing a of 2080 pound weight to preſs, by its ity, upon an area of 
x T fie hole and this Bally to be NS; 4 222 at the rate 
of twenty-two feet in a ſecond, it muſt needs exert a prodigious force againſt 
the hody it moves upon: and hence numerous and great phyſical changes 
are vey moment performed by theſe cauſes 3; which chemiſts overlooking, 
fly to other abſtruſe and fictitious ones for explaining the ſame effects. But 
here we muſt remember, that the ſmalleſt particles of air cohere together in 
ſuch a manner, as not to be eaſily ſeparable fo far as readily to enter the ſmalleſt 
Po of bodies, but muſt firſt form themſelves into bubbles of ſome fize, 
before they can inſinuate; this appears by the following experiment. Take 
a thermometer-glaſs four foot long, the diameter of its tube being only 
of an inch; perfectly fl it with water; and if now it be inverted, not a dro 
of the water will run out, but the whole remain ſuſpended, as if the open 
end was carefully cloſed: ſo in the common barometer, filled with quick- 
ſilver, no air is forced up into the vacuum at the top of the tube, tho? the 
atmoſphere preſſes with all its weight u the ſurface of the quickfilver 
below ; for pee the air cannot divide itſelf into ſuch ſmall particles, as to 
enter the interſtices of the quickſilver, but remains excluded. The ſame ex- 
periment holds, tho* made with water, or even alcohol itſelf z whence it 1s 
plain, that air cannot be eafily divided into its ſmalleſt particles, otherwiſc 
they would paſs thro' the potes of theſe fluids, wherein however the par- 
ticles of air may be concealed, as we ſhall manifeſt hereafter : at preſent ve 
ſhall attempt to ſhew the ſize of theſe bubbles, under which air aſcends thro 
water in tubes. Take a thermometer-glaſs with a long ſtem, whoſe diame- 
ter is + of an inch, fill it with water and invert it, the air will now aſcend up 
thro the water in large bubbles, without ſeparating it ſelf into ſmall ones; 
whilſt ſome, of a conſiderable magnitude, tick up and down in the neck ofthe 
.glaſs: here therefore, there is either an attracting quality in the air, or a repe!- 
ling force in the liquors with reſpect to the air, driving Its particles into con 
tat, The following experiment may give more light to the affair: 2 
glaſs veſſel of alcohol invert a thermometer - glaſs full of water, the orifice * 
which air would not enter, when held inverted therein; the alcohol 
here in curling veins thro the water to the top of the ball, hilt wr 
I 
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water deſcends into the glaſs deſerted by the alcohol, till the two liquors 
entirely change their places: whence I conclude, that the parts of alcohol 
and water do, by their ſingle force of gravity and fluidity, eafily paſs thro? 
the interſtices of each other, whilſt air does it with difficulty. The fame 
is proved evidently by uſing oil inſtead of alcohol, and proceeding as above; . 
and the like effect is found upon inverting a 3 $ of a ſatu- 
nted lixivium into water, alcohol, or oil. This property of air therefore, 
23 compared with other fluids; we recommend to the farther conſideration 
of chemiſts ; to ſhew why the particles of air, collected into a bubble, are 
much more difficult to ſeparate than the particles of any other known fluids ; 
whence the ſmalleſt particles of air do not readily mix with other fluid, 
but rather unite with each other within them, ſo as to manifeſt themſelves 
therein by bubbles, or froth, which is a collection of bubbles; and whence, 
when ſingle particles of air ſeparately lodge themſelves in the deſerted pores” 
of other fluids, they are hard to be got out; thus it is extremely difficult per- 
feftly to ſeparate air concealed in quickſilver; which when once done, 
what ſtrange phænomena may enſue, we learn from M. Huygens, who 
found that quickſilver, well purged of air, ſtood at the height of above 
fifty inches in the barometer : but of this property of the air I ſhall more 
expreſly treat hereafter. * n=: 1250 
Hitherto I have endeavoured to explain thoſe properties of air, which 
it has in common with other bodies, together with the effects thence ari - 
ſing in chemical operations; as alſo tranſiently its miſeibility with other 
fuids: I next proceed to conſider its peculiar properties. 

23. The of theſe is its elaſticity, by which is meant that particu- V elaflicit;/ 
lat power where with all known air, confined in a certain ſpace, ſo that it 9f «ir. 
cannot eſcape, contracts its dimenſions upon preſſure, -in proportion to the 

t applied; but fo as always to reſtore it ſelf by its own natural ex- 

panſwe power, in proportion as the weight is |eſſened z where, if no other 
cauſe intervenes, it conſtantly returns to the ſame ſpace it poſſeſſed be- 
fore, when the comprefling force is removed ; and ſtretches farther, if the 
power be diminiſhed. (f) _ A | „ 

(f} The elaſticity of air is as its de aas the diſtance ofthe particles diminiſhes or 
for this laſt is e _ = - om and it one — whether 
by the air, and therefore as the force com- * the air be retained in a certain ſpace by | 
prefing the air, which is equal to that by * the weight of the atmoſphere, or any other | 
vbich the air endeavours to expand itſelf, way; for in either caſe, it will endeavour | | 
bat this force is its elaſticity. 7 Graveſand's to expand itſelf with the ſame force, and | 
Elem, Phy/. < preſs every way. Therefore if the air near | 
| * Theair'is loaded by the weight of the © the earth be included in any veſſel, with- | 
hole atmoſphere, preſſing every way ac- * out altering its denſity, the preſſure of the | | 
| cording to the nature of a fluid ; the force included air will be equal to the weight | 
. exerts, does no way depend upon the E- of the whole atmoſphere. Thus we find 
„ kſticity ; becauſe, whether you ſuppoſe e- * mercury ſuſtained t6 the ſame height by ' 
a laflicity or not, that force which ariſes from the elaſtic force of air incladed in a vials 
the weight of the atmoſphere, and is equal * veſſel no way communicating with the en- 
„it, can no way be changed: but, as the * ternal air, as by the t of the whole 
\ Ur is elaſtic, it is reduced to ſuch a ſpace * atmoſphere,” I ibid. | 
* by the weight of the atmoſphere, as that The effects of the elaſticity of the air are 
* — which een — thoſe ef it — 3 and included air | 
/ t, is to that weight. elaſticity, j as air not included 4 
0 bat the elaſticity — 22 * by its weight.” Id. ibid. 


392 The Theory' of CAST RV. 


Peculiar 10 it, 24. This kind of elaſticity I do not remember to have been obſerved in any 
bother fluid; *tis never found in alcohol, oil, water, ſpirits, or lixiviums, 

tho? theſe all eaſily expand with heat, and contract with cold, but they are 

not compreſſible by weight; this therefore may be a peculiar property of the 

air alone, and ſhould carefully explain'd, as we ſhall endeavour to do from the 

diſcoveries of Mr. Boyle and Mr. Mariotte a | 

The law of it; 25. Theſe gentlemen found, by experiments, the firſt law of this elaſticity, 
dlefticiy. and conſequently its denſity, to be always proportionable to the compreſ- 
fing weight. Suppoſe a ſtrong cylindrical veſſel, the area of whoſe bafis is 

a foot ſquare, and its height r inches, to be filled with air; this 

air will ſuſtain upon its upper ſurface the preſſure of the atmoſphere, which 

we may ſuppoſe to be 2112 pound Troy ; *tis plain, the air in the tube will 

then be as common air: if now its upper ſurface be preſſed upon by the in- 

cumbent weight of quickfilver, riſing to the height of twenty · nine inches, 

it will then ſuſtain a preſſure twice as great as that of the atmoſphere 

alone; and ſo in proportion the air will be compreſſed according to the fol- 


Jowing table, viz. 


If 2112 fills the tube 1 

r 

8448 N 0 

K 5 

3 37922 =” * 
\ „„ DRONN TT. - 

2, J362108 5+ 0»; we 


260335 ö 5 S. a 


| | Hence it appears difficult to find a way of compreſſing ait into a r part 

of the ſpace it naturally poſſeſſes, when ſuch a prodigious weight, and ſo 

ftrong a tube, of ſo conſiderable a height as 203 inches, are required for 

the purpoſe z and in this cafe, the weight of air would be to that of wa- 

ter, as 11 to 13; and upon doubling the weight of the mercury 11 times, 

the air would be reduced to a +/+; of its natural bulk, and thus become 

much more denſe, and ponderous than common water; but how much 

| * it is condenſed, it will always retain ſome bulk, as appears by tix 
t 8 . 

Hero far car 26, It will be ſhewn hereafter, that perhaps at leaſt ge part of com- 

ried. mon air conſiſts of aqueous, ſpirituous, oily, ſaline liquids, and other cor- 

puſcles parting in it; which being brought together. by this compreſſion, 

will at length form an incompreſſible ſubſtance : whence it appears probable 

to me, that common air can never be condenſed to +; part of its bulk, 

without forming maſſes nearly ſolid ; tho' theſe indeed, with reſpect to the 

elaſtic part of the air, may be always farther compreſſible, but. never 

proportion to the compreſſing weights; otherwiſe the bodies, mixed in 4. 

mong common air, muſt have the fame degree of elaſticity therewith ; whic 

is contrary to experiment. But as theſe incompreſſible parts in common 

air ſeldom make up vu part of its bulk, tis no wonder that in the exper. 

ments, made to determine this law, this proportion ſhould always be found ; 


T 


7 R772 


cn 


. N : 17 Wo | / 
eee * Abr. Vol. II. p. 67. and Ma- no force is able to reduce air into $00 times 
riatie of the Nat 
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i plain reaſon whereof will alſo appear below, when we come to conſider 
Mr. Totonley's experiments, 0) | 


27. Tis eaſy by means of a compreſſing weight to reduce the com- Plain in he 
mon air to 4 its bulk; and it has been accurately obſerved, that twice the infaxce. 


weight gives it this degree of condenſation ; for, here the millefimal pro- 
portion of the incompreſſible particles is ſo ſmall, as to be inſenſible in this 
primary condenſation, ſo that here the rule correſponds to fight. 
* 28, But it is plainly more difficult to determine this law, in 


portion to their perpendicular altitudes ; whence very ſtrong tubes would be 
neceſſary to carry on this experiment, ſo as to compreſs the air into a 3+ 
part of its natural ſpace. It alſo appears by the obſervations of the academy 
del Cimento, that metallic veſſels, filled with ponderous liquors, yield and 
grow larger; much more would veſſels of glaſs do fo : yet this is the mat- 
ter here required for the purpoſe, in order to obſerve and mark the height 
of the compreſſing quickſilver, in proportion to that of the air compreſſed ; 
ſince an exact knowledge, and juſt compariſon of theſe heights, are here abſo- 
lutely requiſite. Beſides, great caution muſt needs be required, the tube muſt 
be very high, not dilatable, of a perfectly even bore, and perfectly tranſpa- 


rent; at the ſame time the air to be compreſſed, ſhould, during the whole 


examination, remain conſtantly of the ſame equable heat; the leaſt increaſe 
whereof will dilate the air more, as it is the more compreſſed by the in- 
cumbent weight, Phyſical experiments are made in the midſt: of a thou- 
fand concurring cauſes, any of which being neglected alters the caſe, 


29. To render this matter clearer, it may be worth while to relate af- 73, A 
ter what manner philoſophers diſcovered this law of the air's elaſticity z / thin law. 


whence we may the better judge what is reaſonably to be thought of it, 
and of its expanſion, which perhaps has been ftretched too far. Mr. Boyle 


took a glaſs-tube A B Y c bent, as expreſſed in the figure, open at A, her- Plate y. Ng. 
metically ſealed at c; it was nearly of an equal width at hc, and confiſted *: 


of thick and very ftrong glaſs ; the higher is b c was 12 inches, accurate- 
ly divided into lines, and the other leg A B was ſeveral feet in _ ; 
then by the pouring in of quickſilver, he condenſed the air in c, from 
48 to 3, or from 16 to 1, and conſtantly found the ſpace of the compreſ- 


ſed air diminiſhed proportionably, as the — was increaſed (g). 


30. As thefe have been the methods and hmits of the obſervations, that 73e caution 
air to be compreſſible in proportion to the weights applied; it ap- it requires. 
Fears, that this compreſſibility has not been obſerved farther than to r part; 


nor do I remember any experiments publiſhed, that have carried it 


Dr. Halley (b) indeed, and the academy del Cimento affirm, that air cannot be 
. | con- 


- # 
: 
— 


| ure of Air, p. 151, 154- leſs ſpace than it naturally poſſeſſes on the 
(5) Dr. Halley aſſerts in the Phi al furface of the earth. In r to which, 
Tran/a2ions, that from the experiments made M. Amontons maintains that there is no fixing 
a „and by the Academy del Ci any bounds to its condenſation. at all ; that 

. Flrence, it may be ſafely concluded, that greater * will ftill bring it into leſe 
> „ nds , oil; tis % ce * 11 com- 


4 


% » 
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ior Bat le and 
as the air is more and more. compreſſed : we ſee in hydroſtaticks, that hoe ae. 
fluids preſs upon the bottom and fides of the containing veſſels, in pro- wards, © 
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eondenſed to leſs than + (i), but they have not deſcribed the experiments, 
whereby they could compreſs it to ſuch a as not to receive a farther 
compreſſure by the ſame means: however this matter be, tis certain that 


air, thus compreſſed, again dilates it ſelf in proportion as the weight is leſ. 
| ſened; and that this ſpontaneous dilatation conſtantly obſerves this law, up- 
- on the diminution of the weight, from 1 to 32, as Mr. Townley found by ex- 


f 2 Rs to what Mr. Boyle relates in the place above cited 
t 


from this limited experiment we muſt not draw too general a concluſion, 
and aſſert that the ſame law conſtantly holds, or that air is always com- 
preſſible in proportion to the incumbent weight; which I believe is not de. 
termined.” This much I my ſelf have found to be true, viz, 1. That common 
air may be truely reduced, and conſequently condenſed, into a r part of 
its natural ſpace. 2. That it may expand it; ſelf equably into 32 times its 
natural dimenfions. . 3. That this contraction of air by compreſſure depends 
entirely upon the external weight applied. 4. That the air, freed from preſ- 
ſure, barely by removing the incumbent weight, does of its own nature, 
without any. other cauſe, except the preſence of fire, dilate it ſelf, ſo as to 
recover the very dimenſions, it loſt upon compreſſure. 5. That this expan- 
five, power, peculiar. to air, remains in it, even after the ſtrongeſt compreſ- 
fion ; as being always exactly proportional to the weight removed. 6. That 
tis always capable of ſuſtaining preſſure; for, even after its rarifaction to 
32 ; by removing the weight, the air, thus rarified, may be recompreſſed by 
the ſame weight applied. 7. That this dilatation and compreſſion of the air 
by weight exactly correſponds as to ſenſe, with the increaſe, or diminution 
of the weight applied. As to that obſervation of the Talians and the Englib, 


that air cannot be compreſſed beyond wo Park > fince they have not taught 
4 


Ir elaſtici 
—— b 


us their method, I ſhall attempt to. ſhew eat probadility of the fact, 
when I come to treat of the corpuſcles that float in common air. 8. That 


the ſpaces. poſſeſſed by the ſame portion of air, are thus far in a reciproci 


rtion of the compreſſing weight. 9. That this always holds in air, 

— 4 to A part of its ſpace, as well - in that which K compreſſed by 
the atmoſphere. 10. That in the whole extent, from 32 td 1, the propor- 
tion holds. invariably the ſame, according to Mr. Townley's obſervations. 
11, Whence it ſeems Ann probable, that the ſame rule always holds in 
farther condenſations ; but ſo, that to make the ſame compreſſion, a greater 
weight is required, as the air becomes more denſe; till at length it remains 
no longer compreſſible. 12. That air, thus confined and compreſſed, docs 
not paſs thro? the pores of glaſs, nor even of quickſilver ; for, it ſtill re- 
mains in the tube, tho' ſo highly condenſed by ſuch an incumbent weight 
of mercury; nay, and if even heated in this ſtate, ſo as to raiſe the mer- 

„ ſtill it neither penetrates that, nor the glaſs. ' 5 

31. Indeſtructibility is another law, that obtains in the air's elaſticity; 
for, after all the experiments hitherto made upon it, the air has always re- 
mained' elaſtic; ſo — neither long continued reſt, nor violent * 


| 1 b 
compaſs ; that it is only elaſtic in virtue of Fre, and conſequently to make a perfect cor 
the ßery particle it contains, and that it is denn * £7 ON 


Ampoſlible abſolutely to drive but all the ()) See Memoirs of the Rejal Academy of 


Sciences, An. 1703. p. 102. 
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fon, can deprive it thereof; thus, when Mr, Boyle and M. Mariotte ſtrong» 

ly comprefled common air in a gun-barrel, and kept it long in a quiet 

lace,yet upon opening the barrel, they found this air as elaſtic as at firſt; and 
N Roberval, examining air, after it had been confined fifteen Years in the 

ſame manner, found its elaſticity perfect (c). It will hereafter appear, that 

the elaſtic parts of air, deeply immerſed in the pores of fluid, or ſolid bo- 

dies, being at length ſet free, and then uniting with others, exert the ſame 

degree of elaſticity, which they thus ſeem to have loſt, by giving no figns 
thereof; but when once releaſed, they preſently recover themſelves, and 

produce extraordinary effects, merely owing to their elaſticity : which ſhows, ' 

that neither time, nor reſt, nor even their ſuppoſed concretion with animal, 
vegetable and mineral bodies, can deftroy this wonderful property of the air. 

And we ſee by experiment, that theſe elaſtic particles of air, when exiſti 

ſeparate, may be ſo united with other bodies, ar\remain_ ſo much at 

therein, as to afford no ſigns of elaſticity for ages; and yet when they come 

to be looſened, and mixed with other particles of a like nature, they recover, 

or appear to have retained their whole elaſticity : thus in the diſtillation of 

hartſhorn, which may be kept for ages, we ſee a large quantity of air pro- 4 gls pa- 
duced ; whence it appears highly probable, that a fingle particle of air is zicle of air not 
not elaſtic 3 but that the elaſticity of air ariſes from two of theſe. particles, Hic. 
touching and repelling one another; ſo that if a parcel of theſe particles 

ſhould be ſo far diftant from each other, as to exert no repelling force, the 

whole of them would make no reſiſtance to their compreſſion, nor be capable 

of ſpontaneous expanſion, till they come to be compreſſed ſo cloſe, as that 

they might exert their repelling force. A fingle particle of air therefore would 

not be elaſtic ; but elaſticity depends upon the contact of ſeveral particles. 

We may, therefore, ſuppoſe the effects of elaſtic air to be immutable and 
32. But how much ſoever air hath been compreſſed by weight, it hath Conden/ed air 
always remained highly fluid, and capable of reſtoring itſelf fo eaſily in all © 4. 
its parts, as perfectly to poſſeſs its former ſpace z all theſe parts receding 
from one another as Feadily, as they came together., And as this has been 
the uniform ſucceſs of all the experiments hitherto made, from 1 to 32000; 
it may be preſumed true, that the' fluidity of air remains unchanged in this 
large ſcale of rarifaction and condenſation, ſo as never to become a ſold by 
any force, either of cold, or preſſure. 7 ni y 

33. Mr. Boyle has demonftrated a conſiderable paradox, with reſpe& to this g,,; of aiv 
elaſticity of air, by ſhewing that the elaſticity in every part thereof may, without equal ts its 
any farther com preſſion hen it receives from the atmoſphere, ſuſtain the whole w 
weight of an entite column thereof; and that this elaſticity, in a very ſmall 
quantity of air, ſo powerfully reſiſts the preſſure of bodies by its expanſion, as 
to equal the power of the ext&nal weight (J): this he ſhews by the two fol- 
lowing experiments. (1.) Take a barometer, with the mercury ſtanding in it 
it the height of 28 inches, plunge its lower part into a cloſe cylindrical veſſel 
flled with mercury; this vefſel nenn en 

| e e ':/ 1. nd 

- (&) Bee du Hamel Hift. of the Royal Arad. paces, poſſeſſed by the air, are always in- 
my of Sciences, p. 368. | verſly as the forces whereby it is 
0 eat Abe d Bo ot ein ni. 4 
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all communication may be cut off between the external air and that ſmal 


uantity contained in the veſſel, above the ſurface of the mercury; the cock 
erefore being thus turned, ſo as to exclude the external air, no other air 
can preſs upon the ſurface of the mercury, except that ſhut up along with 
it; but now the mercury in the tube, ſtill remains at the ſame height, az 
it did when the whole weight of the atmoſphere preſſed upon it; con- 
ſequently this ſmall quantity of confin'd air ſuſtains the weight of the quick. 
filver, as much as that of the incumbent atmoſphere : and if in this ſtate the 
veſſel be heated, the quickfilver gradually riſes higher in the tube ; for, as the 
included air cannot get out, it expands with heat, and thus preſſes the ſur. 
face of the quickſilver, ſo as to raiſe it: and tho but a very ſmall quantity 
of air were contained in this veſſel above the mercury, theſs effects will be 
the ſame. (2.) Again, let the veſſel be almoſt full of quickſilver, only a 
little air remaining upop the ſurface ; if now a ſmall glaſs tube, open at both 
ends, be dipped into the mercury, ſo as no air can get in or out from the 
veſſel, along the ſurface of the tube; then the air by means of the air-pump, 
being extracted from the tube, the quickſilver will riſe into the barometer, 
to nearly the height of 28 inches, as if the whole weight of the atmoſphere 
had p it (n). And this elaſtic power of the air deſerves the particular 
regard of chemiſts, as it may certainly produce ſurpriſing and terrible effects 
in all their tions, perform*d by fire in cloſe veſſels, by compreſſing the 
ſubjects, burking the glaſſes, &c. 5 
34. A very ſmall portion of air, therefore, under confinement may 
duce the ſame effects as a larger: thus if common air ſhould be lodged in 
mpreffible cavity, it may there not only ſuſtain, but even repel the 


any co 
whole ure of the atmoſphere, upon coming to be rarified by fire, or 
hw , 


external 1 ſo as immediately to expand or rarify, and 
equal the force of a larger quantity. Tis another law of this elaſticity of 


air, that when air is condenſed to a certain degree, it expands itſelf every 
way the application of heat; and the power of this expanſion, ariſing 


from heat, is the ſame as if the air was condenſed i of being rari- 
fied z for example, if in the foregoing caſe and apparatus, the air in the 
veſſel raiſes the mercury in the barometer 28 inches, and then the air in 
this veſſel becomes twice as denſe, it will raiſe the mercury to 36 inches, 
as Mr. Boyle has ſhewn : ſo on the other hand, if the former air be rarified 
to twice its bulk, upon the application of fire, and yet be confined within 
the ſame veſſel, it will then alſo raiſe the mercury to 56 inches: and all kinds 


© of experiments, made with the barometer and thermometer, manifeſt this to 
be true. And hence ariſe great and unexpected chemical effects, upon the 


22 
— 


application of fire to air, aſſignable to no other cauſe, and deſerving to be 
3 Arya rw My 

33. The rarifaction in air hy heat is quicker than in any other known 
ſolid, or fluid body; an otherwiſe imperceptible increaſe of heat immediately 
producing a ſenfible rarifaction of the air in Drebel's thermometer: but the 
preceeding hiſtory of fire has ſhewn theſe — ſo particularly, that they need 
not be repeated. We only add that, air is fo prodigiouſly rarifiable 


" (") See Mr. Byli's aichanicsl exper. wel, 1. part 2. f. 24+ 
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that no limits have hitherto been found of its ſion; the heat of boiling 
water rarifies it + of its bulk (n) : but this rarifaction muſt needs be very 

t in a fire capable of melting iron; to which purpoſe conſult the 
8 — p o 

6. alſo ſind, that u ities of air of the ſame expand Air of the 
equally with the fame degree of heat; and conſequently, that theſe FE 2 a 
ſions of air of the ſame denſity univerſally correſpond to the increaſe of heat X's 3 
applied; whence if the degree of expanſion of any portion of air to a given ame bear. 
heat be known, its degree of expanſion may be determined in all other 
caſes: many excellent particulars to this purpoſe may be found in the Me- 
moirs of the Royal Academy of Sciences (o). 

37. 'Tis alſo conſtantly found, that the more air is condenſed by com- Deng air 
preſſure, the more elaftic it becomes with the ſame degree of heat, and this made more 
nearly in a direct proportion of its denfity, as M. Amontons has diſcovered (p): 27 % te 
ſo that air, greatly condenſed, may acquire a ſtrongly reſiſting force by 3 
very ſmall heat; whence if air could poſhbly be condenſed to 443+ part of 
its ſpace, it might by the heat of boiling water be made capable of ſuſtaining 
29600 inches of mercury, as common air with the ſame heat ſuſtains 37: 
this prodigious power may ſhew, that if the higheſt ſubterraneous heat be. 
applied to air, compreſſed to 43+ part of its bulk, in the 2 of the 

to exceed 


. ame denſity | 


| 
' 
L 
| 
4 
þ 
| 
; 


earth, an almoſt incredible power would thence ariſe, fo as 


all the effects we are acquainted with; doubtleſs, the elaftic power of the 
ar would increaſe in a compound ratio of the increaſed denſity and heat 
applied (q) : the converſe allo holds true, ſo that air, twice as much rarified, 


| (n) See Hiftory of the Royal Acad. of Scienc. 
emo 1699, p. 101. 

(o) Bid anno 1699. p. 173, and anne 1702, 

15. 

(p) See Hiftory of the Royal Acad. anno 1702, 
p. 1 715 and Mem. 155. 

M. Amontons has a diſcourſe to prove that 
the weight and ſpring of air, with a moderate 

of warmth, may enable it to produce 
earthquakes, &c. According to the experi- 
ments of M. de /a Hire, and M. Amontons, a 
column of air on the ſurface of the earth, 36 
fathoms high, is equal in weight to three lines 
of mercury ; and it is found that equal weights 
of air poſſeſs ſpaces reciprocally proportional 
to the weights wherewith they are preſſed : 
the weight of air, therefore, which would fill 
the whole ſpace poſſeſſed by the terreſtrial 
globe, would be equal to a cylinder of aq 
Whoſe baſe is equal to the — of the earth, 
and its height contains as many times three 
lines as the atmoſpherical ſpace contains orbs 
_ in weight to that of the 436 fathoms, 
Whereof the experiment was made. 

Hence taking the denſeſſ of all bodies, e. gr, 
Gold, whoſe gravity is about 14630 times 
greater than that of air in our orb, it is eaſy 
i Compute, that this air would be reduced to 


requires 


the ſame denſity as gold by the preſſure of a 


column of mercury 14630 times 28 inches 


high, #. e. 409640 inches ; ſince the bulks of 


air, in that caſe, would be in the reciprocal 
ratio of the weights, wherewith they are preſ- 
ſed ; thus 40 inches, therefore, expreſles: 
the height, at which the barometer muſt ſtand, 
where air would be as heavy as gold, and the 
number 2 * 58 lines, the thickneſs to which 
our column of 36 fathoms of air would be re- 
duced in the place. N — we 1 
that o inches, or 43528 fathoms is o 
the 3 * ſemi- diameter of 
the earth ; and when you are paſt that, what- 
ever matters there be, they muſt be lighter 
than air. It is not improbable, therefore that 
the remaining ſphere of 6451538 fathoms dia- 
meter, may be full of denſe air, heavier by 
many degrees than the heavieſt bodies among: 
us 


Henee, again, as it is provsd that the more 
air is — the more does the ſame de- 
gree of fire increaſe the force of its ſpring, 
and render it capable of fo much the greater 
eſfett; and that, for inſtance, the heat of boil- 
ing water increaſes this ſpring of our air be- 
yond what it ordinarily is, by a quantity e- 
qual to one third of the weight, whezewith 
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?equires twice the heat to make it of the ſame elaſticity, c. as the above- 
mentioned author has ſhe wn by experiments; whence we ſuppoſe, that air 
at the top of the atmoſphere would ſcarce be rendered more elaſtic by the 

moſt violent fire, being ery ſo highly rarified. | 
in air; with regard to its elaſticity, is, that 


38. The next thing obſervab 
it condenſes by cold, as well as by increaſe of weight; ſo that an increaſe 


of cold always increaſes its denſity... The higheſt known degree of cold 


in the north of Europe is marked on the beginning of Fabrenbeit's thermo. 
meter: hence by deſcending from the degree of boiling water to O, we may 
learn the effect of cold in the condenſing of air; but as artificial cold re. 
duces the ſpirit of this thermometer 40 d below O, hence we know 
the power of cold in increaſing the denſity of the air, and find that no body 


in nature has its bulk more contracted thereby than air: when the atmo- 


The ſpring of 


ſphere is 46 . hot by Fabrenheit's thermometer, if the heat be farther 
increaſed by 166 degrees, it will then be 212, the heat of boiling water, 
when air is rarified + ; conſequently, 166 degrees of heat expand air +, and by 
adding 40 degrees to 212, we ſhall have 252, for the difference between the 
hi bel known degree of cold and the heat of boiling water; within which 
i the air is condenſed to , or nearly 4 of the whole. Upon the fame 
footing, ſuppoſing the greateſt heat of the atmoſphere, in a free air, to riſe 
by natural cauſes up to go degrees, which 1 believe ſeldom happens; in this 
caſe, the rarifaftion or condenſation of the air from the greateſt natural cold 
to the ſtrongeſt natural heat, may either increaſe or diminiſh to 33. Hence 
it appears, how great a change may be made in nature by the air, as it 
furrounds bodies, or lodges in them, and receives the effects of natural heat 
and cold; the knowledge of which is of great uſe in the buſineſs of fermen- 
tation and putrefaction ; the greateſt difference between the moſt rarified air 
and the moſt condenſed is determined by Mr. Boyle to be as 1 to 520000. 
39. This elaſticity is ſo peculiar to, and inſeparable from air, as not to 


the air not de- he deſtroyed by the moſt violent fire; for, if a ſphetical glaſs phial be kept 


firged by fre: 


in a glaſs-houſe furnace, till ready to melt, and then be hermetically ſealed 
in that heat, and ſuffered gradually to cool; if now it be held, inverted, 
under cold water, and the end of the neck be carefully broke off, the water 
will be violently forced into it, and fill the glaſs, but ſo as to leave a bubble 
of true elaſtic air at the top; which ſhews, that the elaſticity of the air could 
not be deſtroyed by ſo great a heat: and by comparing the weight of this 

ial, full of water, with that of the ſame phial, full of water and the air- 

bble, we may learn the degree of expanſion that air ſuffers by a heat 
wherein glaſs is ready to melt. And hence chemiſts may know, what changes 
they are to expect in their operations, when they treat bodies, full of air, 
with ſuch a degree of heat: and tho' they ſeldom think of ſuch things, yet 
it is of conſequence that operators ſhould remember them. . 

' 40, 


it is preſſed ; we may infer that a e of of boiling water, it is probable there may be 
heat, which in our orb can only produce a ſome, whoſe violence, thus aſſiſted by the 
moderate effect, may have a very violent one weight of the air, may be ſufficient to tear 


In ſuch lower orb; and that as there may be aſunder the ſolid globe. Mew. de Acad. ans. 
many degrees of heat in nature, beyond that 1903. a 
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40. Since therefore, after ſo high a degree of rarifaction, as from 1 to Nor & 2 
520000, or more, and the correſponding numetous condenſations, by the * 
higheſt degrees of heat and cold, and this for ſo many years ſucceſſively, 
the elaſticity of air may till remain unaltered, tis probable that air is an 
unchangeably elaſtic, moveable fluid, conſtantly operating in, and upon all 
bodies, by its own peculiar vibratory motion. | | 
41. Having hitherto conſidered the properties of common air, as they 73 content: of 
relate to chemiſtry ; we next proceed to examine into its contents, which are «ir. | 
not only incredibly numerous and various, but alſo different in different 
parts of the atmoſpere ; ſo that it may properly be conſidered as an univerſal 
chaos, conſiſting of almoſt all kinds of corpuſcles, confuſedly jumbled toge- 
ther, and conſtituting one maſs (7) : we ſhall examine into them ſeverally, 
in order to diſcoyer its real ſtate. * | 
42, Fire is a conſtant concomitant of the air, as is plain from our hiſtory Fire in air: 
of that element, and lodges in it in the ſame quantity as in all other bodies . 
and in the Torrice/lian vacuum, as hath been already ſhewn by repeated 
trials with the thermometer; for, fire is plainly contained in vacuo, in air, 
&c, always alike, both in quantity and quality ; whence we have a farther 
confirmation of this rule, that fire is co-extended with ſpace. And fince 
fire does not lodge in one body. more than in another, it hence follows, that 
no one part of air will be hotter than another, on account of its containing 
different bodies; and therefore fire is always equally diftributed in air, ſe- 
parately conſidered: on the other hand, numerous cauſes may ariſe, and be 
applied in the air, ſo as to collect fire, in a certain place, after a manner 
ſcarce to be determined; as we have ſhewn in the hiſtory of fire. 
43. Water likewiſe is always preſent in air, ſo as ſcarce to be ſeparated I water 
from it by art. As the perſpirable matter is chiefly water, and as Sanctorius 
has ſhewn, that a man in health perſpires nearly ſix pounds in twenty-four 
hours, how large a quantity hereof muſt go off into the air from the bodies 
of all animals ? Plants alſo are obſerved to perſpire, and Dr. Hales in his 
vegetable ftatics ſhews, they thus diſcharge a prodigious * Again, 
what a quantity of water is exhaled by ſubterraneous fires, Sc? Dr. Halley 
has computed, that the Mediterranean a one, in one ſummer's day, without 
the aſſiſtance of winds, exhales 5280000000 hogſheads of water (). Since 
therefore, the ſun and winds may #ill ra a much geater rey z to which 
if we add all that ariſing from miſts, dew, rain, hoar- froſt, hail, ſnow, and 
nocturnal , moiſture, which might be collected in the ſpace of a year, and 
add it to the water which riſes into the air by means of natural heat, in 
the ſame time; we ſhall find the whole capable of covering the ſurface of 
the earth to about zo inches, as Cruguius has ſhewn, in his meteorological 
tables; whence it is probable, that ſuch a quantity of water is annually ex- 
haled into the air, | Nn | 
We have alſo a ſenfible proof, that water is contained in every part of air, 
by means of the air pump; where, as the air is extracted, the remainder, 
(r) This Mr. Boyle 1 n - Our maſs of fluid matter, ha 
„ Atmoſphere, ee * 7 — is not a more heter = * 7 
Sregate of effluvia from ſuch different bodies, the world. Suſpic. of Hid. Qual. in the Air. 


as, tho" they all agree in conſtituting, by () See Philo}. Tramſ. Abridg. Vol. Il. p. 10g. 
- their minuteneſs and various motions, one | . 
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being more rarified, becomes unable to ſupport the water, which therefore, 


falls on the inſide of the glaſs receiver, ſo as to render it opake and cloudy , 
which not only ſhews us, that water is contained in all air, but alſo that the 
more rare the elaſtic part of the air becomes, it always proves leſs capa- 
ble of containing water. | | 

44. But that water is copiouſly contained in all common air, appears 
xexdeatly in the making of oleum tartari per deliquium ; where, the dry fixed 

t, being expoſed to the air of any place, ſpontaneouſly diſſolves by means of 
the water it attracts from the air, ſo as to afford a confiderable increaſe of 
weight; which may eaſily be tried by the balance, and ſometimes amounts 
to thrice the original weight of the ſalt employed: and this water ſo at- 
tracted by the air, may be obtained ſeparate, by diſtilling the o/eum tartar; 
per deliquium to dryneſs. It is here remarkable, that the water, thus attracted 
from the air by the ſalt, performs the ſolution in a different manner than if 


common water was put to the ſame falt ; for, the acceſſion of the water in 


tis experiment being ſucceflive and flow, it only diſſolves that pure part 


of the alkaline falt, ' which is moſt ſoluble, and thus ſeparates this part from 
the reſt, which is more earthy ; a thing that can be performed no other 
way: and hence, by repeated ſolution and coagulation, the whole quantity 
of ſalt may at lenath be converted into earth, and a volatile ſubſtance, that 
does not appear to the ſenſes ; as was well-known to He/mont and other 
alchemiſts- before him. Wis x | 

45. Theſe conſiderations led me to diſcover that the air contained in a 
three-pint bottle, might hold . water enough to moiſten an ounce of alt 
of tartar, and increaſe its weight: and upon repeating the experiment, 


I found, that the water (here mixed with the air) being, perhaps, 850 times 


heavier than common air, muſt make up the largeſt part of the weight of 
this portion of air; for, if the 850th part of common air be water, the 
whole weight of the air muſt be owing to the water alone; whilſt the 
other parts add little or nothing to the weight, or 71 do not gravitate 
at all. M. Deventer the famous writer upon mie wifery, aſſured me he 
had made the ſame obſervation, | 
46. The following concluſions may, perhaps, be juſtly drawn from the 
— 9 (1.) That the air is always in motion, tho? the place be ever ſo 

ill, cloſe, or ſubterraneous; otherwiſe the water, diffuſed in the air, can- 
not well come in contact with the ſalt of tartar z for, if a cubic foot of air 
contains at moſt but 334 of a pound troy of water, and depoſits its water in 
the ſalt, contained in a cloſe veſſel, all the air muſt play about the ſurface 
of this ſalt, ſo that all its parts may ſucceſſively touch it, and depoſit the 
water they contain; or (2.) We muſt ſuppoſe, that the aqueous particles 
at one time diffuſed thro' the whole mal of the air, move in a certain 
time thro? it, fo as ſucceflively to be in all the parts thereof, and at len 
meet in the ſalt contained within this air; or (3.) We muſt allow, that 
there is a real attractionbetween the ſalt and the water: and if attraction be 
here ſuppoſed the cauſe of the effect, the attraction muſt be allowed of an 


: 


_ Extenſive nature; ſince the ſalt employed will attract thrice its weight o 


waters as three ounces of water muſt here poſſeſs at leaſt two cubic feet 10 
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1 half of air: but to me it ſeems probable, from the experiments I have made, 
that all the three above-mentioned cauſes concur to produce the effect. It 
is obſervable, that in the preceding experiment, nothing elaſtic can be found in 
the oil of tartar per deliguium, and that the ſalt ap to attract the moiſture 
of the air, without deſtroying its elaſticity ; whence, it ſhould ſeem that 
the more the air is freed from _—_— vapours, the more elaſtic it becomes. 
In a clear dry ſeaſon, the atmoſphere is always heavier, and the water aſcends 
higher therein; ſo that the atmoſphere never contains more water than 
when, by reaſon of its dryneſs below, it ſeems to contain the leaſt. *Tis eaſy 
to imagine, that the higher the water aſcends into the atmoſphere, the more 
ſpace it poſſeſſes, or the more it is rarified, till the particles come to be ſet 

far aſunder, as to loſe the peoparyy of moiſture ; but if the barometer 
ſtands high, and thick fetid fogs ariſe, watery particles almoſt conſtantly 
float low, and are attended with groſs, oily, ſaline exhalations; all which, 
at this time, are not equally mixed together. On the other hand, when the 
barometer ſtands low, and the weather proves hot and cloudy ; the water, 
now falling lower in an uniform vapour, occaſions a miſt without rain z 
whence it appears, that an air, loaded with water, may often appear to be 
dry, clear and tranſparent ; but when it contains leſs water, and this falls 
low, ſo as to collect together unequably, it may prove to be moiſt, thick, 
and dark; as we ſee in chemical diſtillations of water, where, if the glaſſes 
are well cloſed, while the operation is performed, we find no appearance of 
vapour; but if an opening be made, and the equality of preſſure thus de- 
ſtroy'd, the water exhales into the air in the form of vapour, rendering 
the contiguous bodies, and the air itſelf, moiſt, dark, and cloudy, 
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47. But if in a long continued ſummer's drought, the ſurface of the earth Derv in the 


comes to be greatly parched with the heat of the ſun, not only water, but 


alſo other leſs volatile ſubſtances, of an unctuous and ſaline nature, will thus 
be raiſed to ſome height into the atmoſphere; tho? inviſibly, ſo long as ſueh 
exhalations are agitated by the ſun's heat, which coming to leſſen towards 
the evening, the air ſoon grows cooler; whilft at the ſame time, the earth, 
retaining ha heat much longer than the air, ſtill continues to breathe out hot 
exhalations; whence ariſes a white denſe viſible vapour, hotter below than 
above: this vapour a s,- therefore, firſt in low, watery places, thence 
gradually dude itſelf, ſo as in the night to cover the earth with a miſt, 
which is diſſipated by the riſing ſun. This moiſture, called by the name of 
dew, is a very com ſubſtance; nor can we aſſert any thing, that will hold 
univerſally true of its peculiar nature: it muſt needs be a chaos, as it is a 
collection of all ſorts of volatile particles, promiſcuouſly jumbled together 
by the heat of the ſun, acting upon the earth; it muſt alſo be different in 
different parts of the earth, according as different kinds of particles lodge 
therein. Thus, in large tracts of gravelly, or heath ground, which lie dry 
and high, it will be ſmall in quantity, and almoſt totally aqueous; as in fat 
minous earths, near marſhes, and ftanding waters, it is far different in 
ntity and quality, and prejudicial to health; whence, it is no wonder 
that chemiſts, in their analyſing of dew, ſhould. find ſuch different reſults, 
that ſcarce any two are agreed about them: certainly, they who ſeek for 
the ſpirit of life, the univerſal ſolvent, _ Cy of life, the nitre var 
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ſteel of Sendivogius, in dew, ſeem not to take them right; it is more ſobe: 
to ſay, that dew is of a ſubtle ſaponaceous nature, capable of ſupporting ye. 
getables. Some dew, that had been collected in a certain part of the earth, 
has afforded a liquor, by diſtillation, which ſtruck the colours of the rainbow 
upon glaſs, ſo ſtrong as not to be effaced by friction, alkaline lixiviums, or 
aqua regia z it alſo burnt like ſpirit of wine (7): again, ſome diſtilled dew, 
having been digeſted with a gentle heat for eight days, and then rectified ſix 
times over, till it was exceeding ſubtile, is reported to have broke three play 
veſſels ſucceſſively, tho? it ſtill remained perfectly infipid (u): again, ſome 
dew is deſcribed to be like a yellowiſh butter, that melts by being rubbed 
upon the hand, yet grows hard and dry with a moderate heat, being of a 
fetid odour, and to be found in pretty large lumps in the night, eſpecially in 
the ſpring and winter (x). The nature of dew alſo differs ee with the 
different ſeaſons of the year, and the various ſucceſſions of meteors; hence, 


exceedingly ſmall ſeeds of vegetables, and inviſible of minute animals, 


with numerous other things, coming to be digeſted, fermented or putrefied 
therein, it muſt afford many very different productions by diſtillation ; 
whence chemiſts have formed very odd opinions about it (y): we can only fay 
that the greateſt part of it is water; and that the other parts cannat be 
aſcertained on account of their infinite variety. 

48. Tis manifeſt that clouds chiefly ariſe from water, and that water, 
brought into an equable maſs, is tranſparent & ſo that clouds muſt be formed 
from water, whoſe 1 are beginning to come together, before they 
obtain their point of reſt, and continue to roll about unequably; hence if 
water, floating in the air, riſes. higher and higher, its parts will at length 
riſe ſo high, as to have no great power of union, but rather recede from each 
other: in this caſe, they will not conſtitute water, but the primary particles 
of water, which as they afterwards begin to deſcend, come cloſer together, 
unite, put on the form of water, and conſtitute clouds; whence, the higher 
water riſes into the air, the clearer and dryer the ſeaſon, and vice vers (a), 
That water riſes to a conſiderable height in the air, we ſee by the moun- 
tains in Carniola, which tho? 10274 ' geometrical feet high, yet ſnow 1s 
found on their tops (z). Even the high mountain of Teneriff is daily found 
to have clouds about it in the middle-of the day, which turning to water, 
flow down ſo plentifully as to water the whole iſland, where ſhowers are 
wanting (6). 24 

49. When the lower air is c with water, the aqueous particles 
begin to unite, ſo as to form the minuteſt drops, or the fineſt rain, which 

y falls thick, but with little force; as the ſmaller theſe drops are, 
the more ſurface they have in proportion to their bulk; whence their deſcent 
is the more hindered by the reſiſtance of the air: but when water begins 
to 


t) See Repub. of Letters, Vol. I. p. 30 took the height of the clouds, very rarely 
2 Bid. an. 1708. p. 15 2. 28 found any — white een $4 wea- 
See Phil. Tranſ. Abridg. Val. II. p. 143. ther, to be more than of a mile, and ſeldom 
rm Io Js; 1 ; — * a ſurface of the earth. 
Z . . Lipf. an. 1689. p. 552. Hi. ir. 
rr (b) See 43. Erud. Lipſ 1691. p. 98. 
quaintance, ſays Mr. Bel, who frequently | 711. 
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to colle& high in the atmoſphere, ſo as to become heavier and fall thro? 
the air, thence gradually deſcending into more crouded ſpaces, they con- 
ſtantly unite with other aqueous particles in their way; whence proceed 
the largeſt drops of water we meet with in Europe, whoſe diameter is 
three lines ; but in Negro- land *tis often an inch (c): theſe drops are found 
to be the larger as they fall from a greater height, and vice versd ; for, 
it is a conſtant obſervation, that the rain is ſmall near the top of a high 
mountain, but grows larger and larger the nearer it comes to the bottom. 
And hence, the ſtrongeſt ſhowers happen in the ſummer, when water, by 
its rapid deſcent in rain, ſuddenly produces thunder, lightning, and ſtorms ; 
and then the drops of rain prove larger than in winter : thus much at 
leaſt is certain, that rain in every part of the atmoſphere is the fineſt, 
when it firſt begins to be generated. | 

50. When the air is ſaturated with water, and growing cold in the Sing-. 
night, daſhes againſt the ſurface of high mountains, - eſpecially ſuch as are 
formed into a long ridge, this denſe and cold body, firſt, towards the 
north and eaſt in the beginning of the night, and towards the ſouth and 
weſt after midnight, is . cooled, collected and turned into aqueous 
humidity; thence forms ſlender threads on the tops of the mountains, and 
conſtantly RG in their deſcent, by uniting with the like fine ſtreams, 
they increaſe, and thus make a perpetual dripping, that affords a large quantity 
of water, running down the fides of the mountain, ſo as to form rivulets, 
which finking into ſubterraneous paſſages, conſtitute ſprings rifing in other 
places; whence, according to the di t depth of each ſpring from its 
vent, the jet of water muſt be different: and hence we ma y underſtand 
how the water of one ſpring comes to differ from that of another, in quan- 
tity and quality: and hence alſo, there are no ſprings, but where there are 
high mountains; an eminent inſtance whereof we have in the fortunate vall 
delcribed by Bernier, in his account of the Magul's county. | 

51. Wherever, therefore, ſuch mountains an © ſprings are found, the water Nals ant 
running from the mountains, or continually diſcharged from the ſprings, rivers. 
forms itſelf into rivulets; which generally run a ſmall ſtream at firſt, but be- 
ing joined by others, they at length form a river; and this alſo increaſing as 
It goes, may become of a v , ſize where it diſcharges itſelf into the 

which it neither increaſes nor runs back from; the ſea conſtan 

exhaling as much as it receives: indeed, the rapid torrents of rivers fall 
into ſubterraneous caverns, and riſe in other places; whence no rivers are found 
in flat countries, where there are neither mountains nor ſprings. Thus we 
{ce, that mountains are wiſely diſperſed over the globe, in order to the col- 
king of water, and forming of rivers; and hence we find, that the courſe 
of rivers correſponds with the direction of mountains all over the globe. 
The diſcoveries of Dr. Halley deſerve to be read, upon this ſubject, in the 
Philoſophical Tranſafions. All theſe particulars ſhould be known to chemiſts, 
Who are frequently obliged to obſerve the difference there is between one 
Vater, as well as one air and another. | 8 

52, It does not appear from what is hitherto diſcover'd, how high water Water every 
may riſe into the atmoſphere ; but N 7 certain, that there 1s IE 3 _ 

; 2 without 


(4 See 48. Erud. Lip/. Sup. I. p. 425. 
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without water, even on the tops of the higheſt mountains, where the air is con. 
ſtantly wet with vapours ; and conſequently the air applied in chemiſtry, 
will always contain water. It may perhaps be poſſible to extract the water 
out of a parcel of air contained in a glaſs; for, if hot and dry ſalt of tartar 
be put into a glaſs, the alkali might thus attract all the water from the 
air in that glaſs, whilſt it remains cloſe ſtopped : but ſuch air as this cannot 
be uſed in chemical operations, becauſe as ſoon as the glaſs is opened, 

| moiſt air would immediately — : * 

Water turned 53. We learn by experience, that the higher water riſes into the air, 
to ice at great the farther its aol recede from each 5 the colder it grows: for, 
| beigbts. we find by experiments, that in all the habitable parts of the globe, the heat 
| is the (greateſt, ceteris paribus, on the ſurface of the earth; and a freezing cold 

| is conſtantly found on the tops of the higheſt mountains, which are covered 
with ſnow. This holds true even under the equator and in the torrid zones. 
| The degree of cold alſo increaſes, in g as we riſe from the foot 
| | of a mountain to the top; the increaſe being in proportion to that of the 
altitude. Hence, the water, riſing into the air, and coming to the freezing 
height, muſt neceflatily be turned to ice, unleſs all its particles ſhould ſe- 
te ſo as not to touch each other; but if, at this height, the particles 
of water, ſo diſperſed, ſhould by any means whatever come into contact, 
they muſt immediately begin to freeze into ſmall icy flakes, floating about 
in the air and if they ſhould here happen to daſh againſt the ſurface of 
any bodies in their way, they would conſtitute a fine hoar-froſt, that would 
- otherwiſe ſcarce be perceivable: whence, therefore, there is a ſpace in the 
„concentrical with the earth, where the water of the air, when 
it arri ves and unites, is conſtantly turned to ice. Tis however probable, 
that this water, being at firſt little united, can ſeldom freeze, but remains 
—— Hoating about, in its ſeparate particles, till ſome cauſe happening to unite 
them, * 3 into ice. "ins | 
| 84. The water of the air, in the ſpace aſſign'd, growing heavier, by a 
* larger ney * under leſs ſurface, and bein 908 froze, it im- 
mediately begins to fall downwards into e of woos + 
joining with other aqueous particles, it uall ms larger m 
3 hal : mule. > there are many —— he may make 
theſe particles of water, which were diſperſed in the upper air, ſuddenly 
unite in large quantities, tis eaſy to underſtand how theſe collections, 
coming into the freezing height of the atmoſphere, may preſently form 
conſiderable maſſes of ſnow, or hail. 
Hail. 55. Fheſe maſſes, collecting together, occaſion high ſmall white clouds to 
from the reflection of the ſun in the air; thence falling with great 
velocity downwards, they ſeem ſuddenly to increaſe in magnitude, and 
daſhing violently againſt others of the 5 kind, they make lightning, 
thunder, ſtorms, ſhowers, and hail, and this the ſtronger, the higher 
the places they fall from: and hence, in the ſummer-time, when the ſky has 
long been clear, the lower air dry, the atmoſphere heavy, and conſe uently 
the water raiſed high, the then becoming light all on a fudden, 
the above-mentioned meteors" are" apt to appear eſpecially between rn 
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tropics, where a ſmall cloud, appearing high in the air, portends a ſudden 
at ſtorm. And it is highly 2 that as hail is always formed in 
ph 


the high cold parts of the atmoſphere, and falling by its weight into a 
hotter region near the earth, is there melted, and forms violent ſhowers, 
attending, following, or ſtopping thunder and lightning: but if they fall 
ſo quick, as not to be melted, they make violent ſtorms of hail, capable 
of e miſchievous effects; and accordingly, we have accounts of 
hall-ſtones of a prodigious ſize (d). 


56. Among principal cauſes of theſe ſudden changes in the atmo- 72. cauſes 
ſphere, we may chiefly reckon the diminution of its weight; fince, when J mettors. 


air becomes lighter, water always ſpontaneouſly ſeparates from it, ſo as to 
manifeſt itſelf, tho? it before lay concealed therein. Add to this, that the 
parts of the air, being -frequently driven together from oppoſite quarters, 
thus ſuddenly unite the primary particles of water, which before floated 
ſeparately. Perhaps alſo the different aſpects of the planets may contri- 
bute to this effect; not to mention any thing of the change of heat and 
winds : all which are capable of producing the above-mentioned phæ- 
nomena. 


57. Numerous. cauſes may conſpire to raiſe up water, and mix it with C of 
the air; but a principal one is the ſun, which the more perpendicularly its the aſcentr 


nys ſtrike upon water, the more it raiſes. Another cauſe may be ſubterrane- 
ous fire, which is continually in action; for we find by obſervation, upon 
going down into deep mines, we ſoon come to a place where water does 
not freeze, but the degree of heat remains invariably the ſame ; as the 
academicians of Paris have obſerved in the cave of their obſervatory : but 


upon going lower into mines, the heat is found to increaſe in proportion 


to the depth, ſo as at length to become ſuffocating, unleſs the air be refreſh- 
ed by a current of water. We alſo ſee, in the winter-time, both the earth 
and water ſend out a warm vapour, upon breaking the ice, or digging 
into the frozen ground. Let no one imagine ſubterraneous fire a fiction, as. 
if it could not there exiſt without air or fewel; for, this fire may ariſe, and 
be 2 by the bare attrition of condenſed air, without any other 

ce; ſor, what heat will not air produce, When rendered 600 times 
more denſe than common air, as it may be at the bottom of the deepeſt 
mines? And credible perſons have affirmed, that air, compreſſed in an iron 
tube, has grown hot in fuch places. Doubtleſs, in the deepeſt parts of the 
earth, bodies are preſſed with a prodigious incumbent weight, ſo as that a. 
ſmall attrition may produce a great degree of heat. As, therefore, the action. 
of this fire is conſtant, it muſt produce a conſtant exhalation. In the next 
place, we muſt conſider the great effects of culinary fire, uſed in all parts of 
the habitable globe, ſo as to raiſe water into the air from all kinds of ſub-- 


ſects. Sharp froſt raiſes a conſiderable part of ice into the air every mo- 
ment, ſo as in a ſhort time to carry off its whole bulk, as Mr. Boyle has. 
thewn by ſtatical experiments; and we frequently obſerve, that the violent 
cold of a hard winter wonderfully wears down all ſorts of bodies, leſſens, 
conſumes, and diſperſes them into the air, Whatever phy ſical cauſe * 
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ſo ſeparate the particles of water from each other, as to make them exif 
fingle, will render them capable of floating in the air; as they now have 
a much larger ſurface in proportion to their ſolidity. We muſt alſo here con. 
ſider the repelling power, which reſiſts the contact of the ſurfaces of diffe- 
rent bodies, and therefore continually increaſes as their furfaces increaſe; 
whence bodies, minutely divided, are leſs apt to deſcend by their own gra- 
vity : and hence we ſee the reaſon, Why all the parts of water about the 
earth do not always fall at once out of the air. This repelling power 
ſeems alſo to be the cauſe, why the parts of water form themſelves into 3 
ſpherical figure about the air they contain; and when water, thus formed 
into drops, riſes upwards, it expands as it riſes, and in this form may 
remain at a great height in the atmoſphere. But laſtly, there is no cauſe, 
that carries off a greater quantity of water into the air than the wind, as 
Dr. Halley has ſhewn, and as I myſelf have ſeen by many ſurpriſing ex- 
periments ; for, upon expoſing a cylindrical copper veſſel, full of water, 
in a ſtorm of wind, I found an aftoniſhing quantity evaporated in a 
very little time ; whereas, when the wind was faid, but a very little ex- 
haled in the ſame degree of heat: and hence violent winds follow upon 
ſhowers, in order to agitate the water, before fallen, and carry it back into 
the air, leſt it ſhould otherwiſe ſtagnate and prove hurtful to vegetables, All 
theſe cauſes, therefore, conſpiring together, are abundantly ſufficient to raiſe 
water into the air, and keep it moving therein. 

58. Now ſuppoſing this elaſtic air, ſaturated with water, to act upon the 
bodies of men, vegetables, and minerals, we ſhall find it capable of pro- 
ducing many wonderful changes; its extreme tenuity, which makes it ex- 
tremely penetrating, and fit to enter the ſmalleſt pores, joined to its perpe- 
tual mobility, and the determination it has to bodies by its gravity, render it 

oductive of numerous effects, and occaſion it to diſſolve the ſalts, the 

line and ſaponaceous matters contained in bodies (J): and as there are 
many ſuch parts contained in moſt bodies; and as theſe are the p10 
inſtru- 


Mr. Boyle aſſures us, that he has ſeveral urple colour, and ſometimes allo a nitrous 
n a a 


times made a ſubſtance, conſiſting of a me- 


talline body, of a texture ſo cloſe, as to lie for 


many hours undiſſolved in a corroſive men- 
ſtruum; yet this ſubſtance, that was fixed 
enough to endure melting by the fire, without 
loſing its colour, would, when expoſed to the 
air, be diſſolved in a very ſhort time, and have 
its ſuperficial parts turned anal black. Beyle's 
 Hift. of Air. 

Air, tis obſerved, wer! Are a notable ope- 
ration' on vitriol, even a ſtrong fire could 
work no farther thereon. The experienced 
Zaoelfer informs us, that the colcothar of this 
mineral, made by a diſtillation, is not 


corrofive; and that no ſalt can be obtained 
from it ſoon after diſtillation, by the affuſion 
of water. But, /ays be, if it be for ſome time 
expoſed to the air, it will yield a falt, which is 
metimes white, and ſometimes of a beautiful 


Mr. Boyle has even found the fumes of a 
ſharp liquor to work more ſuddenly and ma- 
ni on a certain metal, when ſuſtained in 
the air, than did the menſtruum itſelf, that 
emitted thoſe fumes, on the parts of the metal 
it covered. And a chemiſt, who — — 
Hun and other parts, oſely to v 
— — him, "ang. ks ladders and 
other wooden works, employed in one or more 
of the deep Hungarian mines, thoſe that were 
in the upper part of the grooves, near the ex- 
ternal air, would by the fretting exhalations, 
be rendred unſerviceable in a few months; 
whilſt ſuch ladders, pieces of timber, Cc. 
were employed in the lower parts of the mine, 
wanks bal good two or three times as long 

. ibid. 
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inſtruments of their actions, it is eaſy to perceive, that the particular virtues 
of bodies are thus excited, fo far as theſe depend upon the peculiar falts 
and ſaponaceous matters thereof, This principal change is wrought upon 
bodies by the water of the air, that it renders fixed falts, and other com- 
pound ſubſtances, volatile. It has long been found true in chemiſtry, that 
all native falts, treated in an open fire, and expoſed to the air, run per 
dliquium, leaving a quantity of earth behind, that did not appear in the ſalt 
beforez and if the liquor, thus freed from its firſt earth, be again evapora- 
ted to dryneſs, and expoſed to the air a-freſh, more earth will be thus pro- 
cared, till at length an incredible quantity thereof may be obtain*d ; whilſt 
the other principle, which before adhering to this earth, conſtituted the 


alt, is, by the repeated action of the water in the air, ſo looſened from its 


earth and ſeparated, as to become volatile and vaniſh inſenſibly into the atmo- 
ſphere. This furprifing change does not only hold\true of native falts, but 

o of the fixed kind made by calcination. So long therefore, as water is 
lodged in the air, and is agitated by heat, or by winds, it may produce great 
and unexpected relaxations in bodies, and in a manner exhauſt many of 
them, Its effects in fermentation (g) are alſo conſiderable; and in the pu- 
trefation of bodies, no cauſe has ſo great a ſhare as a moiſt and warm 


ur (b), which in a ſhort tune reſolves bodies into corruption; and hence, 


4 The air, Sir 1/aac Mauren obſerves, 
* abounds with acid vapours, fit to promote 
' fermentations ; as appears by the rufting of 
© iron and copper in it, the kindling of fire 
by blowing, and the beating of the heart by 
means of reſpiration. 

The above-mentioned-motions, he adds, 
" are fo great and violent, as to ſhew that in 
' fermentations the particles of bodies almoſt 
* at reſt, are put into new motions by a very 
7 2 which acts upon them only 
© when they approach one another, and cauſes 
them to meet and claſh with great violence, 
and grow hot with the motion, and daſh 


one another into pieces, and vaniſh. into air, 


vapour, and flame.” 2 
fg an e. Opticks 


Guinea, the heat, with the moiſture 


of the air, are ſaid to be ſo favourable to pu- 
tefation,. that the fineſt white ſugar ſhalt” 
be full of ma z and all their 
rugs, plaiſters, Qc. quite loſe their virtue, 
= ome * 2 gr verminous. "I added, 
in iſl Igo, they are obli to 
expoſe their — . to he heat A te 
ſun, and thereby exhale the moiſture, they con- 
* in the night, which would otherwiſe 
N cauſed them to putrefy. Boyle's Hiſt. of 
22 not the moiſt eee which float in 
ur, the cauſe of all corruption in bodies; 
— recording to Acofta, every thing in Peru, 
the ſame 15 obferved in Egypt.) where it 
rains, continues long uncorrupted ? Or, 

I 


phyſicians 
ction rather owing 


is this refiſtance of 
to the nitrous ſalt, Wherewith the air of thoſe 
countries abounds ? Boyle's Hrift. Are 

Mr. Boyle gives us ſome fin inſtances: 
of the of the air, hardly deducible from. 
any of the knoyar properties of this fluid. 
Dr. Stubbs aſſured him, that the filks brought 
* from Jamaica, will, if there expoſed to the 
air, rot even whilſt they preſerve their co- 
« lour; but if kept therefrom, hold both their 
* ſtrength and dye.” 16:9. 

The ſame author was informed by a learned 
gentleman, that the air at Brafi/ had a great 
influence u the colours of clothes, and 
even upon black; ſo that the ſable taffety 
* there worn by the higher rank, will, in a 
* few days, become of an iron-colour ; tho”' 
* when kept cloſe in ſhops, it preſerves its 
proper hue.' He alſo informed him, that at 
a place fifty. leagues beyond Paragua, white 
people ſoon grow tawney, and as ſoon recover 
their native colour, by removing out of that 
quarter. Bid. 

The ſtring of a viol has been obſerved to 
increaſe in the acuteneſs of its tone, by almoſt. 
half a note, either a little before, or in rainy 
weather; and the ſame obſerver has likewi 
found, that putting falſe ſtrings in his A 
for frets, they have been f true, when he 
came to uſe them. 12. ibid. 

If ſome Egyptian earth be taken up near the 
river, and —_— 2 from the wet 


and waſte, it will 


, if duly, examined 
by 
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fances in the and water; we next 


» of vege- cially, their native 
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phyſicians have obſerved, that the plague. itſelf has been occaſioned . 
a hot and moiſt air, As, therefore, falls 
and ſaponaceous ſubſtances may be thus diſſolved by means of the water in 
the air, and theſe be raiſed, conveyed, applied, and introduced into other 
bodies they meet with; hence it is plain, that the air may communicate the 
particular qualities of ſome bodies to others, and 
| en from any other ca 
59. We have hitherto conſidered the air as containing elaſtic parts, fire 
oceed to examine what other ſubſtances continually 
float therein ʒ and theſe we ſhall find are extremely numerous: for, as the earth 
receives all ſorts of bodies out of the air, ſo the air, on the other hand, 
receives all ſorts, of bodies from the earth; whence there is a continual 
change, or a kind of diſtillation, of all things between the two. 
60. Thus all the 2 of vegetables aſcend into the atmoſphere; eſpe- 
pirits, which are every where breathed - out from the 
ſarface of the, earth, and fill the air: thus the adjacent ſhores ſend out 
the odoriferous exhalations of plants to a great diſtance upon the ſea; and 
thus all the plants in nature exhale their ſpirits into the air, which returns 
them to the earth again, along with the water of the atmoſphere (4) : There 
cult to imitate by art than the. fragrant ſpirit peculiar 
to vegetables; and theſe ſpirits, being ſet free from their tenacious binding 
ſulphur, conſtantly become volatile, and float about in the atmoſphere; 
whence many wonderful transformations | 
61. On the other hand, vegetables, aſter fermentation, afford a large quan- 
tity of vinous ſpirit, which is not eaſily changed, but exhales ſpontaneouſly 
into the air; and if we remember that all theſe ſpirits,” which were at any 
time produced upon the earth from any fermented. vegetable, have exhaled 


animals by a long continued ſtate 


them as could ſcarce happe 


is nothing more 


by the balance, neither to enereaſe, nor di- 


miniſh its weight till the 17th of fox when 


it, will begin to grow heavier, continue to 
do ſo, as the river fills ;*whence they certain] 
* know the Rate of the deluge, which doubt! 


inus, Job. Varrot, &c. p. 
Tbe ration of animal 


hereafter be made ap 
the preſence of the air is neceſſary for any 
Piece of matter to commence animal. Thus 
the philoſopher ſo often quoted, obſerves, that 
by keeping putrefied in glaſſes hermeti- 
cally ſealed, and thereby ſecured from the con- 
tat of the external air, he had never been able 
to produce any inſect, or other living creature; 
tho' he had ſometimes kept animal ſubſtances, 
and even blood ſo included, for many months, 
and one or two of them for a longer time; and 
tho* theſe ſubſtances had a manifeſt chan 


made in their conſiſtence whilſt they 3 


Air. 


ſealed up. Bols Hiſt. 
receiver, wherein a 


Opening an exhauft 


and appearance thro” a microſcope, was ſuſpect 

proceeds from the moiſture of the air. Proſper Fi. 

69. 

ſubſtance from 

vegetable - ny Ty effect of putrefaction, as 
z it ſeems, that 


large quantity of verjuice with green, four 


He ſuch effects upon 
(i). 


roceed. 


8 | into 
pes, had lain included for three years, there 
Ao no mouldineſs any «ot h only the 
ſurface of the uppermoſt ſkins were a little 
diſcoloured with ſomething, which by its taſte, 


ed to be a kind of tartar. 74. 
0% PBL Tran. Abridg. Vol. II. p. 141: 45 
l 1683. p. 555 e 
A very ingenious ician told me, /ay/ 
L Me e rae? (54 the iſland Ter- 
nate, that the Dutch having with the 
king, to fell almoſt all the clove-trees that 
* there, — 8 raiſe the value of 
© their ſpice ; ſuch a change in the tem 
„the at hap thereu 45 as bal the 
« exhalations which the bloſſoms afford, to 
© be very wholeſome ; for ſoon after theſe 
* fragrant trees were cut down, the whole 
« iſland became exceedingly fickly ; which m/ 
« relator imputed to the corrofive and nox'0 
© ſteams a yulcano there, the ill 
* whereof were formerly 1 —.— by the aro- 
© matic eſſluvia of thoſe ſpicy bloſſoms. Bl. 
Hi. of Air. | 
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into the airs we may ſuppoſe that the atmoſphere itſelf is impregnated with 
ſpirit of wine, In whatever way, therefore, wine comes to be applied, its 
ſpirit muſt exhale into the air; which may furniſh- us with one probable 
reaſon, why fermentation is more wh carried on 1n the open air, 
$o likewiſe the parts of vegetables thrown off by the fire, which are another 
kind of ſpirit, aſcend into the air and float therein (). 
62, Again, the native oils of vegetables aſcend in time, or become totally 0% 
volatile by the ſpontaneous heat of the air; for, there are few woods, wherei 
the oil is ſo dolly connected with the earth of the ſubject, as long to with- 
ſtand the force of the open air: and as for diſtilled chemical oils, they are 
much more volatile, and ſoon eſcape, fo as to form unctuous exhalations in 
the atmoſphere, that are readily inflammable; for, being now finely divided, 
ſo as to reſemble alcohol, they may, as they float about in the air, be eaſily 
ſet on fire by the refracted or reflected T eſpecially, if before 
heated by the attrition of the clouds. All vegetable oils, therefore, may be 
raiſed into the atmoſphere, and fall back again, as well as the vegetable wa- * 
ters and ſpirits, at their proper times, in a fat moiſt dew, 10 as to fer- , 
tlize the earth, elpecially in the warm ſeaſons; for, the rain in ſummer is 
more fertilizing than in winter. | | V 
63. All kinds of vegetable ſalts, whether procured by cryſtallization, gau, 
fermentation, putreſaction, or calcination, ſooner or later become volatile, 
and fly into the air, after being once releaſed from their fixing earth, ; 
64. Even the earth it ſelf, which makes the fixed element of plants, may Zart. 
be rendered ſo fine, as to become volatile: thus, ſoot we find affords by  _ 
diſtillation no inconſiderable proportion of earth; yet ſmoak, which is the 
matter of ſoot, floats freely in the air; and ſtrang winds tear 77 and carry 
away the ſands of Egypt and Lybia, and the aſhes of una and Veſuvius (m); 
nay, the ſeeds of plants, and ſhoals of boa fiſh () —¹ been _ thro? 
the air : whence, 'tis plain, that all the elementary parts of vegetabl 
| — into the 2 —— (o). 3 | pho 
5. Tis obvious, that the perſpi matter of animals goes into the air, ,. 
as well as. their excrementitious parts (9) nay, even the vaſt bodies of their 3 
whales, elephants, Sc. by lying expoſed in a warm air, will in a little time 
bealmoſt totally exhaled (). Tis here worth conſidering, that the 1 
| 1 | nate 
{!) In places where much wood is burnt, © ſtreets over night, tis not diſcoverable 
numerous particles of volatile ſalt may eaſily by the ſcent next morning. Madrid, how- 
be dif through the adjacent air; for ever, his Lordſhip ſaid, had a more offen- 
wood-foot, which is only that fmall part of * five ſcent than an * knew: But they 
the ſmoke, which adheres to the chimney- all 2007, that the place wherein the Am- 
» affords a volatile, ſaline ſpirit in great 6 's famil condantly made water, had 
— and not readily, unleſs by the ſcent, no ſcent of urine; and that they frequently 
ſinguiſhable from that of urine or hartſhorn. * obſerved, both the dogs and cats, which lay 
% ne vol. II #144; * mal Bl Hi of fire * 
m) Phil. Tran. Abr. II. p. .& 144. ſmell.“ es His. of Air. 
(n) Phil. — Ne. 21. p. * A (7) The ion o | 
e Phil. Tran. Ne. 168. p. 911. ried ſupply the air with volatile ſalts, fince 
10 My Lord Sandwich * two emen pu e\ 
of bis retinue aſſured Mr. Boyle, © That the afford ſaline and ſpirituous parts; which, by 
, common report, as to there being no neceſ- their ſcent, &c. diſcover themſelves to be vo- 
„ lary-houſes at Madrid, was true; and that latile, even while ſwimming in their own 
though they always * large quantity of phlegm. Boyle His. of Air. 
8 8 
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up in a moiſt warm air, where I judged 


* 


i 
„ 
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nated eggs of animals may be carried through the air. As Rhedi had ſhewn, 
that all inſects were produced by the action of male and female; and Leuwen- 
boek, that the male ſeed inſerts the embryo in the female egg; and Mr, Boyle, 
that theſe im ated 5 do not prove prolific without the aſſiſtance of 
the open air, I tryed the following experiment. I firſt boiled a piece of fleh 
in alcohol, then dipped it in clear oil of turpentine, and afterwards hung it 
no little ereatures could come near 
it; this fleſh, in a ſhort time afterwards, I found full of little mites, which 
eat up the juices remaining in the fleſh. The eggs, from whence theſe little 
creatures were produced, muſt needs be convey'd to it through the air, in 
which the fleſh hung. We often ſee trees blighted, in a warm ſpring, and 
ſwarming with numerous vermicular animaſcula, bred almoſt inſtantaneouſſy 
from inviſible eggs hrought by the winds; and in Negro-land ſhowers fre- 
quently happen, which make the body tremble with cold; the drops of this 
rain are an inch in diameter, and if they touch the ſkin, they eat it; but if 
they fall upon the clothes, they produce live worms and moths (r), There 
are many inſtances of the like nature, which may put a chemiſt upon his guard 
to examine, whether ſome uncommon effects upon the ſubjects of his art are 
not ſometimes owing to the eggs of animals, conveyed by the air; at leaſt, 
this cauſe ſhould be ed before others are —— The nature and 
properties of the air are very neceſſary to be obſerved, as well by phyſicians 
and philoſophers, as chemiſts. | | 

66. Even foffils themſelves are found in the air; thus the moſt fixed a- 


Foils tn the © 
air, viz, ſalts. mong foſſil ſalts (5), if ſpontaneouſly diflolved by the water they attract from 
þ 3 — " EY, ' | the 
the mixture of the liquors- themſelves would 


in different quantities and places, at different 
. ſeaſons; The arguments, which ſhew that. 


not. bid. 
In places abounding with Marcafites, ſays 
Mr. Boyle, there is a fretting vitriolic ſalt 
largely diſperſed thro" the air, which has 
been obſerved to rot the hangings of rooms; 
and other furniturez and to lie upon the 
«* ſurface of the ground in a whitiſh effla- 


A. Lip]. Supp. Vol. I. p. 425, © 

( One 2 — ſort of theſe effluvia in 
the — I take to be ſaline, which. 
float variouſly among the reſt. in that vaſt o- 


cean ; for, ſeem not to be —— mixed 
therein, but are to be found of different kinds, - 


_ * ſubterraneous effluvia in general, aſcend plen- 


tifully into the air, prove the ſame of ſaline 
ones in particular; ſince, it has been demon- 
rated, that immenſe quantities of common, 
nitrous, aluminous, vitriolic; and perhaps 
ether ſalts, riſe among the various exhalations 
of the terraqueous globe. The quantity 
hereof may be greatly increaſed in ſeveral 

laces ack yulcano's as have open vents ; 
by the ſmoke of the common culinary fires, 
&c. Boyle Hiſt. of Air. 1 8 

The air of ſome places may, beſides the 


Ample ſalts already mentioned, contain ſome 


campound ones; it being ſhewn, that particu: 
lar ſaline ſpirits may meet and join together 
therein; as alſo, that two liquors may be ſo 
ordered, that one of them. ſhall never, of itſelf, 
afford any thing in a dry form; yet its ſpiri- 
tuous eſfluvia, meeting with thoſe of the æther 
produce a dry, volatile and faline body, which 


* » \ 
# * — bs . 


© reſcence, after the fun had heated the 
* moiſt and blackiſh- mould. wherein it 
© lay.* id 

Befides theſe ſaline ſubſtances of a deter- 
minate ſpecies, there are poſſibly at certain 
times and places, other corpuſcles in the ait 
of a. ſaline nature, but not reducible to any 
particular kind, which we therefore call a- 

mant. We have obſerved in old glaſs win- 

ws, belonging to high and ancient build. 
ings, ſome panes corroded, as if they had 

worm-eaten ; which ſeems to 

that ſharp and fretting particles had 
carried ehicher by — whereto that glafs 
was expoſed; tho' none of the ſalts before- 
mentioned have the faculty of corroding com- 
mon glaſs. Jbid. 1 
be many ſaline effluvia that riſe 
* the. other ſubterraneous ſteams, cannot, 
Sof them, be well ſuppoſed of a fimple and 
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the air, and afterwards digeſted by 


a long continued putrefactive heat, 


then committed to a ſtrong diſtillation, if the fixed remainder be calcined 


in a ſtron 
come totally volatile. 
land, bole, Sc. in a ſtron 


open fire, and again diſſolved in the air, they at length be- 
So again, when theſe fixed ſalts are diſtilled with 
eat, a quantities of ſuch ſalts are annually 


converted into volatile acid fumes or ſpirits; by which means the air it ſelf 
may in a manner become poiſonous, and deſtructive to the bodies expoſed 
thereto. The bare addition of oil of vitriol to ſea- ſalt, or nitre, inſtantly con- 
verts theſe fixed ſalts into fumes, that can ſcarce be confined : whence the 
ir becomes impregnated with them to a confiderable diſtance; and there are 
numerous ways of producing theſe effects, though the art of thus changing 
falts was not known before the time of Glauber; nor do we at preſent know 
all the ways, which nature may uſe for converting fixed bodies into volatile: 
the pernicious fumes riſing about mines (t) ſufficiently manifeſt that ſalts may 
thus naturally be diſperſed in the air, and conſequently, that there are ſeeret 


Ggg 2 


* uncom ded nature. A very intelli 

l — of mine, who viſited a — — 
in America, told me, that before he came 
© near enoughto ſee the fire, or to be very ſen- 
* ſible of its heat, the ſkin of his face was ſo 
* corroded, and the colour of his hair changed, 
* by the exhalations, as to prevent his nearer 
approach thereto. Bid. 

At Fablun in Swwedex, noted for one of 
the belt copper mines of that kingdom, the 
mineral exhalations affect the air ſo, that 
* their filver coin is frequently diſcoloured, 
and ſometimes turned black thereby; tho” 
* cloſe tied up in ſeveral purſes, and locked 
* up in ſtrong cheſts. The ſame effluvia ma- 
* nifeſtly affect braſs, and to ſuch a degree, 
that there is no poſſibility of keeping their 
© utenfils of this kind tolerably clean,” 751d. 

A wirtuoſo, who poſſeſſed a piece of 
* ground, wherein ran ſeveral veins of diffe- 
* rent metals and minerals, told me he had 
* frequently ſeen pillars, as it were, of fumes, 
a — thence like ſmoke ; ſome whereof 
* had no ſcent, ſome an ill one, and ſome a- 
gain a good one; tho? the latter happen d 
dat ſeldom Bid. 

Copper that has been long expoſed to the 
ar, contracts a ruſt by the ſaline particles 
' of that fluid, gradually faſtning themſelves 
in ſuch numbers to the ſurface of the metal 
to corrode it, and uce a ſubſtance 
R of the colour of verdigreaſe ; which is a 
; factitious body, made of the ſame metal, cor- 
' Toded by the ſharp corpuſeles of vinegar, or 
of the huſks of grapes. Boyle Hid. Qual. 
g Tho' Morocco be an inland town, ſeated in 
very hot climate, where the ſoil is uſually 
: ary; yet I am informed, that the nocturnal 
, Ur Proves exceeding damp and piercing, ſo 
is preſently to produce ruſt upon ſuch iron 


© thers that lay fi 


means 


4 A therein IL. Hif- 
of dir. £ 
1 In the moſt ſouthern parts of the Eg 
* colonies, the great are ſo ſubject to ruſt, 
* that after lying a few years in the open air, 
large cakes of crocus martis may, with a 
hammer, be eaſily beat off them; whilſt o- 
in the ſalt-water, durin 
the ſame time, are by no means ſo muc 
affected. Hence, as is only ſteams of 
* the terreſtrial globe, the phanomena that 
* manifeſt its power to work on ſolid bodies, 
* may help to ſhew, how much the air a- 
© bounds with ſaline and ſubtile Bid. 
(What effect the neighbourhood of mines 
have, appears from Mr. Beyle: A famous che- 
miſt, who lived in a country abounding with 
mines of vitriol, aſſured him, that he had found 
the oaks growing over them to be remarkably 
more ſold and heavy, than thoſe trees elſe- 
where are; upon which Mr. Boy/e obſerves, 
that the parts of ſome minerals are capable of 
inſinuating themſelves very plentifully into the 
pores of growing regain, without bei 
really ſubdued by what the philoſophers 
the concocting faculty of the plant; but inſtead 
of being aſſimilated by the vegetable, retain 
their own mineral nature; and upon the receſs, 
or evaporation of the juice that ſerved them 
for a vehicle, ſometimes diſcover themſelves 
to the naked eye. He adds, he has ſeen 
a piece of a vine, that grew not far from Pa- 
ris, which being broken, a multitude of the 
internal pores of the root, and a part of the 
trunk alſo, appeared to be ſt with cor- 
cles of a marcaſitical nature ; as was plain 
—— colour, their ſhining luſtre, and their 
weight, Cauſes of whaleomens/s, &c. of the 
F. 
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Sulphur. 


or art changes ſulphurs, ſo as to make them fly into the atmoſphere, and carry 


ders; whence it a pears that large quantities of gold and ſilver may be di- 


und dittilled, by the retort, with regulus of antimony, the body of the gol! 


| bounding with falts-and ſulphurs; for, as we have above ſhown, that the 


De Thawy of CEZUMHrsT RV. 
means uſed by nature for this purpoſe, though they are only applied in par- 
ticular - the earth, of «Sy pro * ron is found; 225 then bio, 
they only riſe to a ſmall determinate height in the air: whence, according to 
the ancient adepts, the air is ſaid to be divided into certain ftrata, each con- 
taining a particular kind of exhalation, or vapour. Hence it is plain, that 
water, heat, digeſtion, ſolution, exſiccation, diſtillation, calcination, uſtion, 
mixture, union and ſeparation may render fixed foſſil ſalts, volatile, and in- 
termix them with the air. 
67. The part called ſulphur, in foſſils, totally flies into the air upon burn. 
ing, whilſt the ſaline acid part reſolves into a ſuffocating inviſible vapour, or 
s black fume: even ſulphur itſelf, when reduced to a fine powder by 
riſes into the air; and if mixed. with other bodies, it often becomes 
ſurprizingly volatile. Chemiſts. have remarked many ways, whereby nature, 


| bodies along with them. Unctuous, fetid, ſuffocating vapours often 
ve fatal to the miners; theſe vapours catch fire at the flame of a candle, 
as ſuddenly to burn with great fury and danger; and it is certain, that 
theſe fumes conſiſt of arſenic, orpiment, cobalt, or the ſulphurs of antimony, 
biſmuth, Sc. and we read of ſulphureous ſhowers attended with thunder 
and lightning, that burnt, ſo as not to be extinguiſhed by water ), Sc. 
68. Metals themſelves have been ſo far changed, as to riſe into the air in 
form of à volatile fume; quickſilver in particular flies away inviſibly, with 
a heat of 600 degrees; and if the air, impre therewith, comes in 
contact with the human body, it proves ſurprizingly penetrating, and pre- 
ſently raiſes a ſalivation: nay, this fume of 'quickfilver carries up with it ſome- 
thing from metals; as we ſee in the diſtillation of lead and tin with mercury, 
Iron, copper, tin and lead, being treated in a violent fire, alſo become vo- 
latile of themfelves, and diffipate in part into the air. Lead in cupelling 
carries off a great part of the imperfect metals. So when cobalt, arſenic, or 
the like ſulphurs are intimately mix'd with gold os filver ores, theſe orcs 
loſe a args proportion of their metal, which is render'd volatile in the fire, 
and which might be faved by a. gentle calcination, and the uſe of fixing pov. 


in the air. It may ſeem ſtrange to talk of volatile gold, but we learn 
chemiſtry, that if mercury-ſublimate be ground with the calx of gold, 


will riſe, and come over perfectly volatile in the form of a purple oil: aud 
nearly, all the metals may be render'd volatile in the fire, by means of 3 
proper mixture of ſulphur, calcined vitriol, and ſal-ammoniac. No wonde!, 
therefore, that, on a clear day, fumes ſhould ſuddenly ariſe near mines capad(c 
of extinguiſhing a lighted: torch, as Mr. Boyle mentions; fince, the denſclt 
bodies may be thus raifed in the form of fumes into the air; though it be 
hard to determine what the particular bodies are. But there is frequent 
another cauſe, why the air is impregnated with metallic matters ; vis. 5 4 


air is full of theſe ſalts and ſulphurs, which are capable of diſſolving 8 
| carry 


, NMuvel. Literar, Ann, 1684. Pp. 63. 
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carrying off metals, tis eaſy to perceive how the air may ſuſpend and carry 
R Lane particles in it. Thus we ſee, that lead, copper and iron are 
the contact and motion of the air quickly turned into flowers, ruſt and ſcales; 
or ceruſe, verdigreaſe and cal; which, being brought into fine powder, 
may eaſily be carried by winds into the air. Gold, filver and tin ſeem to be 
leſs acted upon in this manner, becauſe their ſaline, volatile, acid ſolvents 
are ſcarce found in the air, remote from the laboratories of chemiſts; but in 
America the air is ſo corrofive, as to conſume the tiles off the houſes, and 
almoſt all tony and metallic bodies (x); which is generally allowed to be 
the caſe in the air of Bermudas: and to this cauſe is probably owing the ef- 
fect conſtantly obſerved by miners; viz. that the ores, after being dug up, 
and expoſed to the air, are thereby affected in a ſingular manner, on ac- 
count of the metallic particles lodging therein So likewiſe we frequently ſee 
marcaſites, or vitriol- ſtones, and other exhauſted metallic matters, fo chang'd 


by the air, in which they lie, as to increaſe, ripen, renoyate and become 


rich in metallic matter (y): hence the air ſeems to be the great ſower of all 
things, 


| (x) An experienced maſon told me, that which, by its conſpicuous colour, between 
Saliſbury cathedral is built of Purbeck tone, blue and green, by its taſte and fitneſs to 
which gradually becomes ſofter, and moulders make in a trice an inky mixture with an in- 
„47 that the ſame is obſerved fuſion of galls, ſufficiently manifeſted itſelf to 
of Blackington ſtone, tho“ kept from the be vitriol. 
wet: but what comes from Painfwick, with- That the earth, or ore of alum, robbed of 
in four miles of G/ocefter, tho' ſoft and pliahle its falt, will in tract of time recover it, by 
at the firſt, will, by lying in the air, acquire ivg expoſed to the air, we are aſſured by 
an hard, yellowiſh, glaffy cruſt, like mardlez the experienced cola. And Mr. ob- 
which grows the more durable for being often ſerves, that ſome kind of lime in old walls, 
waſhed. le, Hid. Qual. and moiſt places, has, in time, gained a large 
(y) Mr. Boyle cauſing a ſolid marcaſite, hard effloreſcence, very much of a nitrous nature; 
as ſtone, to be broken, that the internal and as he was convinced by having obtained falt- 
more ſhining parts might be expoſed to the petre from it, upon barely diſſolving it in 
air ; he found, that tho? this was done in a common water, and evaporating the filtred 
room where, a good fire 1 kept, ſo ſolution. 
that the — was not only ſhe Go | from It may ſeem doubtful, whether the ſalts 
the rain, but kept in a dry air; yet after a appearing in the fore-mentioned caſes are 
while, there appeared on this glittering part, really produced by the operation of the air 
an effloreſcence of a vitriolic nature, After- working as an agent, or concurring as an 
wards meeting with a ponderous dark-colour- ingredient ; or whether theſe ſaline ſub- 
ed mineral, which at the very firſt breaking ſtances proceed not from ſome internal thi 
diſcovered to the eye no appearance of any analogous to a ſeminal principle, cauſing 
ſalt, nor ſo much as any ſhining marcafitical them a kind of maturation of ſome parts z 
particles; he found, that a large quantity of which being once ripened, and perhaps af- 
theſe hard and heavy bodies bog kept ex - fiſted by the moiſture of the air, diſcloſe 
poſed to the air, even in a room that preſerv- themſelves in the ſaline concretions : as in 
ed them from rain, tho* probably they had the feculent or tartarous part of wines, there 
lain many ages intire under ground, in the will, in tract of time, be generated or pro- 
hill where t ey were found; yet, in a few - duced, numerous corpuſcles of a ſaline nature, 
months, by the operation of the air upon them, that give the acid taſte we find in tartar, 
they were in a great part crumbled to a pow- efpecially in that of rheniſh wine. 
der, exceeding rich in copperas. Nay, hay It may alſo be ſuſpected, that the ſalts 
ng laid up ſome of theſe ſtones in a room, found in marcaſites, nitrous, and aluminous 
where he conſtantly kept a fire, and in the earths, &e, are made by the ſaline particles 
drawer of a cabinet, which he did not often of the like nature, that, among oulricudes'of 
take out to give them freſh air, moſt of them other kinds, ſwim in the air, and are attra&- 
were covered with a large effloreſcence; ed by ſimilar particles yet remaining in 8 
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things, as being rich in all kinds of materials, and committing the elements 
of bodies to the earth, from whence it before received them; thus genera. 
ting moſt ſubſtances, though rather in the manner of a revolution than new 
production: and thus, dew has afforded a liquor by diſtillation, which ſtruck 
the colours of the rainbow upon glaſs, ſo deep as not to be diſcharged by a. 
fortis, oil of tartar, or ſtrong rubbing ; and this, though the liquor it 
Fa was ſo ſubtile, as to burn like ſpirit of wine (z): this effect is extremely 
like that of a metallic tincture upon glaſs (a). | 
Ne internal 69. Thus much may ſerve to ſhew, what notion we ſhould entertain of 
nature of the the air; which is to be held as a chaos of all ſorts of bodies mixed together; 
ſince, particles of all ſorts of bodies float therein, ſo as to produce all thoſe 


terreſtrial bodies, which are, as it were, the 
wombs of ſuch minerals; as a ſpirit of nitre 
will with fixed nitre, and ſome other alkalies, 
compoſe ſalt-petre: or elſe, that ſuch aerial 
ſalts, affited by the moiſture of the air, 
Toften, open, and almoſt corrode, or diſſolve 
the more terreſtrial ſubſtances of theſe wombs, 
and thereby ſollicit and extricate the latent 
ſaline particles ; and by their union with them, 
compole thoſe reſulting bodies that reſemble 
vitriol, alum, &c. 
But tho' theſe conſiderations ſhould be 
thought ſufficient to reſcue the production 
of ſalts from che effect of any hidden pro- 
rties of the air, we have others which a- 
q tly evince the exiſtence of ſuch pro- 
perties : as the air's acceſs rendering antimo- 
nial medicines not only emetic, but alſo diſ- 
. poſed to produce heart-burnings, faintings, 
Fe. none of which, when kept from the air, 
they do at all tend to promote; its affordin 
ſtrange prognoſticks of plagues; as that o 
the perſon mentioned by Mr. Boyle, who for 
three ſucceſſive plague-ſeaſons had an odd ty- 
mour formed in his groin, about three months 
before the plague began by which he conſtant · 
ly foretold its approach: with infinite others 
to be met withal in naturaliſts, chemiſts, c. 
as £welfer, Boyle, Cardan, Scaliger, Diemer- 
. breeck, &c. 
I o account for the origin of ſuch pro- 
. perties of the air, Mr. Boy/e obſerves, that as 
We cannot pronounce ſo much as negatively 
whether the libration of the moon, and the 
motion of the ſun, and perhaps of ſome of 


. the other planets, about their own. centres 


.and conſequently their turning ſeveral parts 
their bodies to us, may not have an operation 


wonderful 


of may produce effects yet unobſerved on the 
atmoſphere, and on ſome particular bodies 
expoſed to it: tho” theſe periods may, per- 
haps, be 228 am; irregular, or have ſome 
kind of regularity different from what one 
would expect. Thus the ſea has thoſe grand 
intumeſcencies we call ſpring-tides, not eve 
day, nor at any conſtant day of the Eee 
or week, but about the full and new moon; 
and theſe ſpring · tides are moſt notably heigh- 
tened, not every month, but twice a year; 
at or about the vernal and autumnal equi- 
noxes : which obſervations are not near ſo 
ancient, and ſo well known, as the daily eb- 
> or: dag flowing of the ſea. The Eteſians 
of the ancients we do not now inſiſt on, nor 
the obſervations of the elder inhabitants of the 
'Caribbee-1ſands, who, when the Europeans 
firſt reſorted thither, had hurricanes but once 
in ſeven years; afterwards they were moleſt- 
ed with them once in three years; of late 
they have been troubled with them almoſt 
every 2 and a phyſician who had lived 
there ſince, aſſured us, he had ſcarce obſerv- 
ed them to ſucceed one another in leſs com- 
paſs than of two months. In which inſtan- 
ces, and in ſeveral others, it may be note 
that in the changes which happen to great 
— of matter, nature ſeems to affect 
omething of the periodical, but not in 2 
way that appears to us regular, We may add 
what Yarenius relates of thoſe hot ſprings in 
Germany, which he calls Therme piperine, that 
they annually begin to flow at certain ſeaſons; 
the former 2 the third of May, and the 
latter near the middle of September ; from 
which time they reſt till the following ſpring : 
to ſay nothing of numerous other penodical 


ſprings which flow, ſome of them ſo 94 
chen 


| n-our atmoſphere ; ſo, for ought we know, , 
pe may be in thoſe vaſt internal f 


i | pores of hours, and ſome ſo many days, and 
the earth, whoſe thin cruſt has been and 


reſt as many, alternately. See Boyle Abr. 


there dug into, conſiderable maſſes of matter Vol. III. p. 89, 90, &c. 
| that have periodical revolutions, accenſions, e- (z) Repub. de Lettres, Vol. I. p. 590. 
| Huations, fermentations, or. in ſhort, ſome o- 


Ent ru o- (a) Phil. Tranſ. Abr. Vol. II. p. 143. 
{- ther notable commetions ; the effluvia where- F | | 
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wonderful effects, which depend upon the efficacy of particular bodies? 


whence numerous phenomena ariſe in the air, which are no where elſe to be 
met with; particularly the meteors. Thus there muſt be magnetic bodies 
in, the air, which by their attractions, repulſions, Fc. every where produce ſur- 
* effects. To illuſtrate this by an example, if you hold an open glaſs in 
one hand, full of alkaline ſpirit, and in the other a glaſs of the ſtrong ſpirit of 
nitre ; and firſt keep them at a diſtance from each other; nothing obſervable 
will appear; but as ſoon as you approach theſe glaſſes to each other, that the 
fumes, ariſing from each, may meet together, a little cloud will immediately 
be formed upon the meeting of the acid and alkali in the air : fo, if an amal- 
of tin and quickſilver be diſtilled, in a retort, with ſpirit of ſea-falt, it af- 
rde a liquor, which, being kept in a cloſe glaſs, lies quiet; but if opened, 
preſently riſes in a thick fume, tho* the liquor had been made many years 
and nature abounds witty the like examples: but we do not know what kinds 
of ſalts may reſide in the air, nor with what properties, they may be endu- 
ed (b):. *tis hard to aſſign what ſpirits, or oils, may float therein; and con- 
ſequently, what effects may ariſe from their peculiar natures. We ſee what a 
prodigious effect inſtantly ariſes, upon mixing the diſtilled oil of ſaſſafras 
with Glauber's ſpirit of nitre; an effect ſcarce to be ſhewn by any other expe- 
riment: and if any of theſe ſubſtances ſhould float in the air, and mix toge- 
ther, wonderful a ces might be produced. But the comets, the mete- 
ors, the aſpects of the planets, and perhaps of the fixed ſtars themſelves, may 
eccafion ſuch phenomena to happen rarely: for theſe celeſtial bodies may 
a& powerfully by means of their attraction and repulſion, their light, heat 
and cold; and again, with reſpe& to the effluvia, which they generate and 
ſend forth (c). And in all theſe reſpects, the air may be different in differ- 


| ent 
% Mr. Bayle propoſes a method of deter- produced the reſpective changes. Boyle, Hip. 
mining, what the particular ſpecies of ſalt is, 
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air. 
predominates in the air of any place, or 

at any time. This, he thinks, may be done 
by a ſort of magnets, or attractives, i. e. bo- 
ties fitted to detain and abſorb, or at leaſt like- 
ly to be affected by the particular ſalts, ſup- 
— chiefly to abound: For inſtance, if we 
uſpect the air to be impregnated with nitre, 
lime, or the like bodies, which- imbibe, or 
retain ſuch a ſaltneſs; dyed cloths, or filks of 
ſuch particular colours, which fade or tarniſh 
with nitrous ſpirits, may be expoſed thereto : 
vitriohc efuvia are ſuppoſed predomi- 

nant, proper preparations of ſulphur may be 
flpened, to.try, whether they will acquire 
a blackneſs :. in other places, gueſſes may be 
made, by ſpreading on the clean ground white 
linen cloth, well freed. from ſoap or lee, and 
obſerving, after-it has lain a conſiderable time, 
what diſcoloration it has ſuffered, - and what 


faltneſs it has imbibed, either from the aſ- 


ending ſteams, or falling dews. 
— you _ find ſome one body capable of 
1 ns affected. by ſeveral aerial ſalts, in ſuch 


t manners, as to. diſcover which kind 


"{ Beſides the alterations in reſpect of heat 
and cold, drought and moiſture, to which our 
atmoſphere is liable from the heavenly bodies; 
very great philoſophers have ſuſpected that 
there may be other more immediate and ſpe- 
cific ones. Sir I Newton ſuppoſes, that the 
vapour which makes the tail of comets, comin 
to be exceedingly rarified and agitated in their 
approach — the ſun, may be driven and 
diffuſed thence through the heavenly ſpaces, 
and ſo come to be attracted by the ſeveral pla- 
nets within whoſe ſpheres of activity it chances 
to be thrown. Thus mixing with their atmo- 
ſpheres, ſays be, it may afford them a freſh 
— of water, to deſtay the continual ex- 
2nces thereof in vegetation, putrefaction, c. 
He adds, that he ſuſ the fineſt, pureſt, 
and beſt part of our air, that, in effect, where- 
by life is ſuſtained, .to be principally derived 
from the comets, Phil. Nat. Priac. Math. 


14 FATS 
Ar. Boyle ſuggeſts, that even the fun, and 
other celeſtial bodies, may have influences here 


below diſtinet from their heat and light; ne 
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ent places as alſo, with 


rd to the ſoil, or part of the earth, over which 
the air is found; for, as the earth produces different ſubſtances in different 


laces, the vapours and exhalations will thence be different, and conſequent- 
y impregnate the air differently, as we find by numerous experiments (4); 


that- the ſubtile eflavia thereof, may reach as 
Far as our 2 N mix — 5 — 
8 lanet, ſays he, its on pro ighit, 
Ailloa from that of the others; Fakich 5 el- 
ther a bare quality, on which ſuppoſition its 
utmoſt uſe ** deſign is only to illuminate ; or 
elſe all light is attended with fome peculiar 
virtue, or tincture; in which caſe every light 
muſt have its peculiar property, tincture and 
colour, its own c virtue and power; in 
which the planets all differ fram each other. 
Thus, adds he, the fun not only ſhines on all 


the planets, but, by his genial warmth, calls 


forth, excites, and raiſes the motions, proper- 
ties, and powers, peculiar to them. Whence, 
according to 2 they make with that 
grand luminary, the degree wherein they 
are enlightened, either by its direct or oblique 


rays, in a near or remote \itnation in reſpect 


the earth; the effeQs of the powers, vir- 
tues, and tinctures proper to each, muſt be 
more or leſs perteived by us. — of Air. 

As the other planets, ſo alſo our earth, 
is not only enlightened, warmed, cheriſhed, 
and made fruitful by the influence of the 
ſun ; but it hath, moreover, its proper mag- 
netical, planetary force, awakened, ferment- 
* ed, excited, and agitated thereby ; which it 
©« ſends back with the reflected light of that 
luminary. By this means alſo, the ſeminal 
« diſpoſitions, odours and ferments, lodged in 
« particular regions and parts hereof, emi 
and diffuſe 
* kindly _ grat 71 or nate LW 
4 ing, and putre ities. 
8 the temper, 2 and general 
$ qualities of the air, may be aſſigned, accord- 
ing to the motions, influences, and aſpects 
: Ae ior planets ; yet the particular 
* health sand unhealthfulneſs of places ; 


(4) In treatiſe on the wwholeſame- 
wes and mene t of the air, Mr. Boyle 
makes appear. that it depends principally on 


- he — ary the air receives from ſubter- 
waneous eftluyia, 8 cauſe generally overlook'd 


em 
the air either their 


cauſed, either -priacipally or ſecondarily, , 


and 
by phyficians 3 of which he diſtinguiſhes di- 


vers kinds ; Vi. ordinary, which are almot 


. conſtantly ſending up, extracrdinary, which 


riſe but at certain times. "Theſe, again, if 
they come at ſtated ſeaſons, he calls period:- 
cat ; if uncertainly, fortwitows, or irregular, 
In general, tho' the wholeſomeneſs of 
the air in ſome places may be chiefly due to 
the wholeſome expirations of ſubterrancal 
bodies ; yet 921 in far more 


laccs than it is impro by being impreg- 
— ith CEE expirations. AI 


mong the minerals known to us, there zre 


many more noxious than wholeſome ; and the 
power of the former to do miſchief, is more 
efficacious than of the latter to do good ; 
we may gueſs by the ſmall benefit inen receive 
in point of health, by the effluvia of any mi. 
neral, or other known foſſil, in com pariſon of 
the great and ſudden damage that is often 
done by the expirations of orpiment, ſanda- 
rac, and arſenic. 

Among the variousforts of particles where- 
with the atmoſphere is replete, ſome, he {hews, 
may be ſo ſmall and ſolid, or ſo canveniently 
ſhaped, as to enter many of the numerous ori- 
ſices of the minute gl es of the ſkin, or at 
other pores thereof. Thus, tho' neither pa 
per, nor a bladder, be pervious to the elaſic 
parts of the air; yet may either of them be 
eaſily penetrated by other corpuſcles of be 
atmoſphere: and excellent author has 


—— body, which being incloſed in 
555 ae wetting or die 
in a trice thro? —— in ſuch plen · 
ty as to exert a manifeſt operation on bodies 
placed at ſome diſtance therefrom. 
- This is confirmed: from the _ _ 
every ſummer given to ue 
Grand Cairo: for, fince morbific cauſes op*- 
rate more effeftually than curative ones, f 
ſeems more than probable, that exhalaton 
aſcending from under ground, may 
peſtilential fevers, and the plague itself; fine 
the corpuſcles which impregnate the 7720 
Ar upon the ſwelling of the Nile, put a ſpetd) 
not only to the contagion, but to the ms 


lignity of the pla even by the ſun- 
= =” 1 e 

1 . of the diſcs 

ſes, which 


even phyſicians call ew #** 


load 
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and hence it is, that ſome experiments ſucceed in certain places, and certain 
diſpoſitions of the air, but not in others. A great diverſity alſo ariſes in re- 
ſpe& of the ſoils in different places, as they are inhabited by men, cultivated, 
2 upon by animals, manured and exerciſed by various arts; whence almoſt 
all kinds of bodies come to riſe into the air; and whence numerous particulars 
may happen in one place, that do not happen in another. Thus, for ex- 
ample, if oil of tartar per deliguium be made in a laboratory, abound- 
ing with the fumes of vinegar; this, upon evaporation, will be found to 
be a regenerated rartar, flowing like wax in the fire, inſtead of ſalt of tar- 
tar: but if the experiment was to be repeated in another place, not abounding 
with the fumes of vinegar, a yery different ſubſtance wou'd be obtained. Ma- 
ny examples might be produced to the like purpoſe ; whence we may under- 
ſtand how much the air of a certain place may be altered by earthquakes (e), 
G. ſo as to become very different from what it wes before. Thus, hiſtory 
informs us, that certain parts of the earth have hecome uninhabitable on ac- 
count of noxious vapours riſing after an earthquake (7); and hence inunda- 
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Indeed there may be noxious minerals in a 
country, without being often able to produce 
peſtilences: they may he in beds ſo deep, that 
even a {mall earthquake-ſhall not reach ſo far 
downwards, as to affect them; tho' a more 


nolent ſhock may. And hence we may ac 


count for the plagueꝰs raging in ſome parts of 
Africa, once in thirty, or once in a 
years ; fince there may be periodical parox- 
ur or grand and vehement commotions, in 
ubterraneal parts, tho not yet obſerved in 
them. A late judicious French biſtorian re- 
cords, that a very pernicious diſeaſe, of the 
mature of a cholic, reigned in France .every 
tenth year, for ſeventy years together. 
Mezeray relates, That the great plague 
* which happened in France in the year 1346, 
© and which was ſo contagious, that ſcarce a 
village, or even an houſe, eſcaped uninſect- 
| Rakes, two years before, in the King: 
dom of Cathay, by a vapour moſt horribly 
* fetid, and breaking out of the earth, like a 
* kind of ſubterraneal fire ; which conſumed 
* anddevoured above two hundred leagues of 
* that country, even to the very trees and 
ſtones; and infected the air in a wonderful 


© manner.” He adds, © that from Cathay, it 


Paſſed into Aſa and Greece, thence into 4- 
„La aud afterwards into Europe, which it 
* ranſacked throughout. Hf. de France. | 
And not only plagues, but moſt new, con- 
us, and epidemical diſeaſes, Mr. Boyle 
; to arife from tru men = tags cauſes, He 
des a t cold, which, in one day or 
wo, invaded multitudes in the ſame city, Lich 
violent and fatal ſymptoms ; when yet, he 
& no room to judge, that the bare 
coldneſs of the air could ſo ſuddenly produce 


i diſeaſe ſo epidemical and hurtful ; and it ap- 


| came 
round, becauſe it began with a 
ome fog. | | 


- tions 
peargs more probable, that the cauſe 
rom under 


very troub 


(e) Peculiar kinds of venomous exhalations, 


tis probable, may ſometimes be emitted; e- 
ſp:cially after earthquakes ; and thus occaſion 
mortal diſeaſes in animals of onekind, and not 
af another; and in this or that place, and not 
elſewhere. Fernelias gives us an account of a 
plague or murrain in 1514, Which invaded 
none but cats. Diony/ius Halicarnaſſæus men- 
tions a plague which attacked none but maids: 
and that Which raged in the time of ,Genti/is, 
killed ſcarce any women, and very few but luſty 
men. Beterus mentions another great plague _ 
which aſſaulted none but the younger ſort ; 
and we have inſtances of the ſame kind of a 
later ſtanding.  Cardan ſpeaks of a plague at 
Baſil, with which the Switzers, and not the 
Italian, Germans, or French, were infected: 
an Job. rk takes _— of a cruel 
ague at Copenhagen 5 whi o' it ra 
n+ the |, the Germans, * 
and Eng/ih, who went with all om, and 
without'the leaſt danger to the houſes of the 
infected. 

* (f) Eighteen years ago, a terrible noiſe began 
Nat the port of Santorini; reaching even to 
< Chis, diſtant therefrom above two hundred 
miles; which was ſap to proceed from 
the Venetian fighting with the Turks: but 
at length it was to be cauſed by a fire 
underneath the port above-mentioned, which 
* there caſt up, from the bottom of the ſea, 
« quantities of pumice-ſtones, with a force and 
5 rt as great as if they had been ſeverally 
: dikherpell Gem «cannon, The air of Sau- 
toi was by this means ſo infected, that 
* abundance of people were killed, and many 
. H h h © loſt 


A particular 
virtue in the 
air. 


— 


. a , 


| The Theory of Cuts rv. 
tions from rains, &c. produce ſuch changes in the atmoſphere, as entirely to 
change its nature in the parts adjacent, by means of the moiſt vapours and 
exhalations, ariſing from putrefied bodies. Winds alſo, which convey the air 
with its contents from one place to another, thus contribute to change the 
matter of the air ; whence again a great diverfity muſt ariſe from this cauſe in 
chemical operations. The influences of the de bodies, according to the 
different aſpects of the ſun, and moon; particularly, their acceſſes, receſſes, 
perpendicularity, obliquity, conjunftions, oppoſitions, c. may occaſion 
wonderful changes in the air, by the heat, cold, attraction, repulſion, va- 
pours, and exhalations they produce; to all which we may well add the 
changes, occaſioned by the variations of the ſeaſons of the year (g). And 
hence chemiſts have obſerved different effects from the ſame degree of heat in 
the ſpring, and the autumn ;. and prefer the vernal rain to the autumnal, as 
containing very different particles; on account of the earth's being open in the 
ſpring, after it was bound up by the froſt of the preceding winter ; and 
more exhauſted in the autumn, on account of the preceding ſummer. 

70. Before we leave the conſideration of the different properties, and different 
ſubſtances in the air, we ſhould ſhew a particular regard to that whereby 
the life of animals and vegetables is ſupported z and ' tho? this cannot be un- 
derſtood from any other property of the air, yet it may be diſcovered by 
diligent ſearch. Who will undertake to ſhew, that this latent virtue is at- 
trated by animals and vegetables from the air, and conſumed. by. them, and 
that death neceſſarily follows upon its conſumption-? Mr, Boyle indeed has 
ſhewn, that a ſmall bird, put into a large receiver full of common cool air, 
and cloſely ſtopped up, grows fick in a quarter of an hour, and vomits, and 
in three quarters dies: fiſhes in a cloſe veſſel of water, unrefreſhed by the air, 
die ſoon ; fo they do likewiſe in lakes, that are froze over; ſothey do allo 
in water, from whence the air is extracted: flames and burning coals are 
ſoon extinguiſhed in a cloſe air; the eggs of inſects, ſhut up cloſe in glaſſes, 
do not produce young ones, tho* kept warm; the ſeeds of plants, tho' fit 
properly ſteeped, then ſown in rich earth, and kept in à proper degree E 
4+ — 5 | | warmtn, 
eight in a boy's band. Their colour and 


* Joſt-their ght thereby; though they reco- . 
ay 5 nitude were alſo very unequal, and their &- 


vered it in a few days afterwards. This in- 


de Levant. 


* feftion ſpread it ſelf as far as the precedi 

* noiſe had reached; for even at Chis 
— all the coin waa red, both 
that in the pocket and that locked up in 
cheſts; and the ſame happened to the ſilver 


cChalices in the churches) The infection, 


bowever, vaniſhed in a few days time, and 
the ſilver recovered its native colour.” #ozage 


In the year 1660, in the kingdom of Naples, 
after. an eruption of Vie, ſtrange croſſes 
appeared on linen that had lain open to the 


air. They were extremely numerous in ſcve- 
* ral 


of the kingdom of Neples; and the 
jeſuit, Who ſent the relation- to Kircher, Ys, 
that he himſelf found-thirty in one altar-cloth ; 
 &ftecn. upon the ſhift-fleeve of. a, Woman; and 


4 


* k 1 * 


haas experienced in new 


up the linen in a cheſt, till the ſeaſon 


— different; they would not waſh out with 
mple water, but required ſoap, Theſe wer. 
found, not only, upon linen 
to the air, but upon ſome 
kept in locked cheſts. | | 
* 2 * Stains-cauſed by vegetable juices, ate 
obſerved to be beſt taken out of linen at thi 
time, When the ſeveral. plants that 3 

them are. in their prime. This one 140) 
linen ſtained by tht 
juice of quinces 3 and another in ſome It 
* coloured. by the.juice.of hops, which ſhe 
+ thinks makes the worſt of {tains 3. but bar, 


ing tried in vain to ſetch this oat, mo bp 
:thed 0 


rments expoſed 
thoſe that welt 


came on, and, then the ſpots v 
„ themſclyes." Bl, Fi. of Ai. 
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warmth, yet do not grow, or give any figns of life, if the air be kept fro 
them. On the other hand, when blood is taken from a vein, the ſur- 
face contiguous to the air, appears red, but where the air does not touch it, 
black, like the liquor of the ſcuttle-fiſh ; but as ſoon as the black ſurface 
comes in contact with the air, this alſo grows red: now all theſe. particulars 
manifeſt, that there is a hidden virtue in the air, which cannot be under- 
ſtood by any of the properties, hitherto explained. Sendivogius has plain] 
ſaid, that the food of life lies concealed in the air; other chemiſts have aſ- 
ſerted the ſame; but what this food is, how it acts, and what are its effects, lie 
ill concealed ; poſſibly it may be its elaftic part (0. We know that the air is 
full of water 3 i, e. a ponderous, ſolid, incompreſſible body; this water a- 
bounds ſo copiouſly in the air, as ſenſibly to wet falt of tartar, when a ſmall 
quantity is contained in a cloſe glaſs : but befides water, almoſt all bodies are 
contained in the air, which at leaſt muſt weigh as much as the water; and as 
theſe corpuſcles are ſuppoſed liquid, they are ſcarce compreſſible; and if all 
the corpuſcles, that we know have weight, were to be exactly ſeparated 
from a portion of air, a very ſmall proportion would remain behind for its e- 
aſtic part: and if I was to form a conjecture from all the experiments I have 
made, I ſhould go near to ſay, it was none at all. For, if we ſuppoſe, that in 
a cubic foot of air, only the 8 goth part of the whole ſpace is poſſeſſed by 


unelaſtic vapours and exhalations, together with the duſty corpuſcles floating 
Witz Hhhz therein ; 


(b) We are extremely apt to be too preci- ** veſle], ſtifled the flame or that the preſ- 
pitate in our concluſions : after having learnt _* fare of the air is iſite to impel up the 
a few of the properties of a body, we think * aliment into the wietks : for to obviate theſe 
we have got all, and impoſe it on our ſelyes * objeRtions, it may be obſerved, that the ex- 
to account for all the phænomena and effects * periment holds of ſpirit of wine, which, in 
thereof, how various ſoever, from what we do * the open air, will burn quite away, with- 

Hence innumerable crude, conſtrained * out any ſenfible ſmoke ; and this without a- 
ſolutions, No body appears to have been more ny wieck at all. * 
on his guard, in this reſpect, than Mr. Boyle ; Again,—* It ſeems ſurprizing what ſhould 
he ſaw abundance of bete from air, which « be in the air, which enabling it to keep 
Lid not appear tp have any dependance on the « flame alive, does yet, by being conſumed or 
known mechanical properties thereof; and on « removed, ſo ſuddenly render the air unfit 
this view compoſ * excellent piece of «< 22 flame. It ſhould. ſeem, by the 
Sufticions about ſome hidden qualities of the + ſudden waſting or ſpoiling of this fine ſub- 
dir.” The difficulty, ſays - we find in « ſtance, whatever it be, that the bulk of it is 
; keeping flame and fire alive, tho' but for a but very ſmall, in proportion to the air it 
' little time, without air, renders it ſuſpi- © « impregnates with its virtue ; for: after the 
* cious, that there may be diſperſed: thro the extinélion of the flame, the air in the re- 
atmoſphere, ſome ſubſtance, either of ; ceiver was not viſibly altered, and, for aught 
a ſolar, aſtral, or ſubterranequs nature ; on 1 * I could percejve by ſeveral ways of judgirg, 
, Account whereof, the air is ſo neceſſary to © the air retained either all, or the : 
- the ſubſiſtence of flame. And this neceſſity ; part of its elaſticity, which. I take to be its 
* have found to be more eve quinn and 2 genuine ou diſtinguiſhing 2. 
$ dependent upon the manifeſt attri Thi ringyneſs of the 
el the air, than © afually obſcryed ; for by « with agen of freſh air to the life of 
« . y made, it has a that * hot animals, ſuggeſts a great ſuſpicion of 
* 2 ſmall fame of a lamp, tho led perhaps * ſome vital ſubſtance, if I may fo call it, dif- 
. ith a ſubtile thin oil, would, in a large re- * fuſed thro* the air, whether it be a volatile 
, Ever, expire for want of air, in a far leſs | © nitre, or rather ſome anonymous ſubſtance, 
ume than one would believe. And it will . fidereat' or ſubterraneal; tho not improba- 
dot much leſſen the difficulty to alledge, that * bly of kin to that, which ſeems ſo neceſſary 
Leider the groſs fuliginous ſmoke in a large * to the maintenance of other flames.” Pia, 
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therein; then, the remaining unelaſtic air would have no weight at all; and 

hence it would happen, that air could never be compreſſed into a leſs ſpace 

than an 8 ʒ;oth part, tho' Sir 1/aac Newton's law were to hold true in this ela- 

ſic part; viz. that the elements of bodies reſiſt one another the ſtronger, the 

more they are compreſſed : for hence alſo it would appear, that this elaſtic 
part could not be farther compreſſed, after the other ay were reduced to 

the 8 goth part of their former ſpace; as now the whole ſpace would be poſ- 

ſeſſed by water, and other incompreſſible bodies: which exactly agrees with 

the experiments of Dr. Halley, and the Florentine academicians; who affirm, 

that air cannot be compreſſed into leſs than an 8ooth part of its bulk (i); 

tho we muſt not hence infer, that the pure elaſtic part of the air, if it could 

be had ſeparate, is not compreſſible to a much greater. degree. Hence, I have 

often been led to conſider, whether God did not originally create fire and 

ns elaſtic air, without gravity, and without any direction to a certain point, 

ut equally diſtributed them thro* the whole univerſe, and all its ſyſtems; ſo 

— as that fire ſhould always act upon air, to keep it moving, even in the ut- 
moſt degree of cold: for, if at the top of the atmoſphere, the degree of het 
be leſs, the air will there be leſs compreſſed in the ſame proportion, as hay- 
ing leſs weight upon it, and conſequentlybe always ſo rare, as to be kept in 
a tremulous motion by. leſs fire. But here it may be aſked, if the air, with 
regard to its elaſticity, be without gravity, why is it not rarer near the earth's 
ſurface? I anſwer, that the compoſing particles of the air cannot eaſily extri- 
cate themſelves, as being here ſo intangled and mixed together; and there- 
fore. muſt here below. be compreſſed. by others above. Before I conclude this 
A hiſtory of the air, I ſhall add a few experiments after M. Marioſte, who has 


nobly. proſecuted the ſubject, by way of confirmation to this doctrine of the 
elaſticity of the air. : 5 it 


E PEN IME. NF. E. 
Eloflicair iI. Take a clean poliſhed. plate. of ſilyer, and put it into a glaſs of fair 
adberes to-ſo- water; bubbles of air will ntly appear, and ſtick to the ſurface. of the 
22 1050 thence rife thro? the water and burſt at the top: and as this is con- 
antly. the caſe, it ſhews, that common air firſt adheres, in inviſible particles 
to the ſurface of ſolid metals, ſo as to deſcend with them thro' the water; 

whilſt it adheres to theſe metals, after the manner of a tenaceous ſubſtance, 
without quitting its hold, till forced away by the weight of the water: when, 
therefore, this plate of ſilver is moved thro* the air, doubtleſs, the contigu- 

ous air ſticks to its. ſurface, till ſtruck from thence, either by heat or rapid 
motion, when quitting its hold, it is ſueceeded by freſh air. This proper) 

2 of elaſtic air ſhould be duly regarded in chemiſtry; for, as air only adheres to 
the ſurfaces of bodies, without entring their ſubſtance, tis plain, that bodie; 
minutely divided in the air, and thence: conſequently greatly. increaſed in 


- 7 = - 


their ſurface, muſt, Leen diſtillation, give out" more air into the receiver, 
than when they are diſtilled entire, Hence, therefore, the air, Produced i 


| * diſſolving 
O. Hif. dad. Ryal, An. 1703. p. 25 
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diſſolving fine grains of ſilver, with ſpirit of nitre, does not proceed from 
the ſpirit alone, nor the metal alone, but partly alſo from the air adherin 
to the ſurfaces. But if a ſolid poliſhed plate of gold, or filver, be ſo attractive 
of air, other bodies, doubtleſs, may be much more attractive thereof. All 
bodies therefore, when put into water, carry down air along with them; 
and the more ſo, as they are rough and unequal, or have larger ſurfaces ; 
and eſpecially, if at the fame time they are light, porous, ſpungy, and 
come to be diſſolved into their fineſt particles by the water. And this is the 
firſt way of demonſtrating, that elaftic air adheres to ſolid bodies. 
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72. Take a large, clean, cylindrical glaſs ; almoſt fill it with clear water; 4,4 quis. 
put it under the receiver of an air-pump, and exhauſt the air; at firſt, no ,,, plate 1th 
change will be perceived in the water, but after a conſiderable quantity of . 2. ; 
the air is extracted, numerous air-bubbles will ariſe, and fly very quick, and 
large, up to the ſurface of the water: theſe bubbles, ſo far as we can obſerve, . 
proceed from the inner ſurface of the ſides and bottom of the glaſs ; ſo that 
a haſty perſon would infer from this ſingle experiment, that all the air, thus 
extricated from the water, lay. concealed between the cancave ſurface of the 
glaſs, and the convex ſurface of the water: but the contrary will hereafter 
be ſhewn by other experiments. In the mean time, we may fairly conclude, . 
that the air here adheres to the ſurface of the glaſs and the water, with the 


lame tenacity as in the preceding experiment. 


— 


— 8 
_ 


— na aw 
— 
zi + Dn 


n 


— 


* 
— 3 83 
_—— = d 


© — 
o- ” — 
LE 


* — 9 


RF 


73. Air it ſelf alſo ſuperficially adheres to other air with a remarkable te- 4 i» ir/e/f- 
nacity, tho” its particles may ſeem to fly from one another. Take a large 
round glaſs, with a long cylindrical ſtem, whoſe diameter is about four 8 
trical Iines; fill it with water, invert it, and not a drop of water will fall out, 
nor a bubble of air get in; which ſhews that the ſmall particles of air do not 
eaſily recede from each other, but adhere with a certain tenacity : for, if the 
light, elaſtic particles of the air were as eaſily ſeparable from each other, as the 
parts of alcohol, the elaftic particles of the air would here paſs thro* the water, 
and riſe tothe topof it; whilſt the water would in the ſame proportion flow out 
of the glaſs, as we have formerly ſhewn. That the cauſe is owing to the ney, 


of the of air, we prove by the following experiments. Fill the ſame glaſs 

with otro! Ervin of alk of tartar, = invert it into another glaſs of | 

diſtilled oil of turpentine z thus you will ſee the tenacious parts of the diſtilled 7 

oil aſcend much flower thro? the ponderous lixivium, than water or alcohol. * 

It may indeed be objected, that this does not proceed from the tenacity of the s W 
but from its property of reſiſting water; and that air may have the ſame. = 

Property: but we are to conſider, air alſo aſcends ſlowly, whether the 

glaſs be filled with water, alcohol, brine; any Iixivium, or even quickſilver 

welk. Whence, I conjecture, that the tenacity of the elaſtic part * | 
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here greater than in other fluids; and conſequently, that being once united, 
they are more difficultly ſeparable, or diviſible into their leſſer particles 
whence they mix more difficultly with liquors than any other known fluids. 
Indeed all the philoſophers, whom I have hitherto conſulted, are of a 
different opinion, and N that air immediately enters all the liquors it 


touches; but a careful obſervation has made me judge differently: for let this 
ſame glaſs be two thirds filled with liquor, and the remaining third contain no- 
thing but air, and the top be exactly cloſed with 1 ſtopper; if you ſhake the 
veſſel ever ſo long, the air will never be perfectly mixed with the liquor, but 
only large bubbles be produced in the water, where the particles of air mu. 
tually lay hold of one another, and roll about together; whilſt the agitated 
parts of the water form a little ſphere on the-upper part, -which confines the 
air: and from a number of ſuch bubbles there ariſcs a white froth, conſiſt- 
ing of air and water, and returning back into each reſpectively: theſe 
bubbles are about 3 lines in diameter. To confirm this paradox, 1 ſhall add 
the following experiment: Take a glaſs phial, full of common air, with its 
mouth not 4 lines in diameter ; plunge it perpendicularly under water, with 
its open mouth upwards ; the water will now preſs upon the ſurface of the 
air in the glaſs, and not enter, but be ſuſtained by the air: whence, we ſee 
that water, 'tho* 8 go times heavier than air, cannot thus divide the parts of 
air, ſo as to infinuate between them. But it is here remarkable, that if the 

laſs full of water, has a mouth 5 inches in diameter, and be inverted with 
its mouth downwards, a large bubble of air enters the neck, and paſſes entire, 


See plate 5th, upwards thro' the water: at the ſame time we may obſerve, that the ſurface 
. 3, and 4. of theſe bubbles, which thus aſcend, 'are both ways convex, whilſt the con- 


Fig. 5 


cave ſurface of the water, _thro* which they paſs, accommodates it ſelf to the 
air. This appears more plain, whilſt the ſtem of the Rep is held parallel to 
the horizon under the water. The fame holds alſo of ſlender glaſs tubes, full 
of air and open at both ends; for, if theſe are placed perpendicularly in wa- 
ter, the water aſcends ſo as to form a concave ſurface in the upper part; whilſt 
the air in its lower ſurface is convex. All which ſeems to ſhew, that the ela- 
ſtic part of the air has a confiderable, ' determinate degree of tenacity ; tho 
ſome are pleaſed to explain theſe phenomena by the attraction which is found 
between water and glaſs. 12 | 97-31 


EXPERIMEN T iv. 


Elaſtic air in 74. Take three conical glaſſes, A, B, C, with flat bottoms, and narrow- 


water. ing upwards, but open at top: In the firſt put cold water of the temperature 
1 8. N. 72 the air, ſuppoſe 44 degtees; in the next, warm water, 91 7 ; and 
i in the third, hot water, of 150 degrees: put theſe glaſſes under the receiver 


of an air- pump, and exhauſt the air. As ſoon, as a little air is drawn out, 

numerous bubbles will be generated in the hot water of the glaſs C, and ap- 
pear about the bottom and ſides of the glaſs; whence they riſe, grow large, 

and burſt at the ſurface, as if the water were in a boiling ſtate, tho' it be 
o degrees below that ftate ; but in the glaſs B, Where the heat was only g1 
i * "= * +44) JAR. | A : | egrees, 
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degrees, no ſuch motion of the particles will yet appear; but after more air 
is extracted, the water in this glaſs will alſo begin to generate great bubbles; 
the water in the glaſs C, ſtill remaining quiet: and of op great deal more air 
is extracted, the water in the glaſs C, will alſo begin to bubble, and continue 
to do this a long while, if the receiver be well emptied. Whence we ſee, 
that pure elaſtic air may lie concealed in water, without ' manifeſting any fign 
of itſelf in the cold, and under the preſſure of the atmoſphere ; and tho* wa- 
ter thus conceals compreſſible air within it, yet can it by no means be itſelf 
compreſſed, as we learn by the experiments of the academy del Cimento. 
Whence it appears, that air, lodged in water, muſt be ſeated in the vacuities 
betwixt the component particles of the water: and it could not poſſeſs theſe 
ſpaces without being able to interpoſe itſelf between the particles of water, 
where they are in mutual contact; otherwiſe the water, containing this air, 
muſt be compreſſible. In theſe pores, therefore, between the laſt particles of 
the water, thoſe of the air may reft: and hence it is probable, that the air, 
thus ſituated, and remaining there inſenſibly in the cold, requires, that the water 
be compreſſed by the weight of the atmoſphere, to keep it there; and that 
when the parts of the water are leſs compreſſed, then theſe concealed particles 
of air riſe up thro* the incumbent water, quit the pores where they lay 
concealed, and leave them empty of air. We alſo know, that heat diſpoſes 
the intercepted air to quit the water; ſo that the hotter water grows, the 
more eaſily air lips from it; whence the largeſt part of it eſcapes upon long 
boiling. ſtly, we learn by experiments, that wine, beer, and brandy, 
— with their air · bubbles the quicker in the air pump, the more inflammable 
pirit they contain. All which is more fully illuſtrated by the following ex- 
periment. . : | 
75. Take a cy lindrical Blaſs veſſel AB, with a flat bottom, and half fill it with Pare 8. fe.2. 
fair water ; have ready alſo a ſpherical glaſs phial C D, with a long ſtem D; 
fill this with water, and fix the finger upon the mouth D, fo as to touch 
the water in the neck; then plunge the neck under water in the glaſs A B, 
ſo that no air, nor any thing but water, may remain in the phial D. Set both 
veſſels, in this poſture, under the receiver of an air-pump; and when the air 
is nearly exhauſted, the water in the cavity of the phial C, vilb fall by its own 
weight, down the neck D, into the glaſs A B; the furface of the water in the 
glaſs AB, being no longer preſſed by the weight of the atmoſphere: and 
thus, a Torricellian vacuum will be made in the cavity C, above the deſcend- " 
ing water; whence the water there will not be preſſed upon. And hence, the j 
ar making numerous bubbles in the water contained in this cavity, and all f 
riſing thro? the water in the neck, and in the phial, to the vacuum above, and 
burſting there, all the air will thus collect from the water contained in the veſ- | 
ſel CD, Let the whole apparatus remain in this ſituation, till no more bub- 
les are formed, or riſe to the upper part of the 2 then ſuffer the air to | 
| enter into the receiver; which, immediately preſſing the ſurface of the water | | 
| in the glaſs A B, will force the water thro the mouth D, into the cavity C: 3 
but when all the external air is admitted into the receiver, the water now will 
not fill the cavity as before; but an air-bubble, conſiſting of elaſtic air, remain 
in the upper part, being what was diſcharged from that water in the preced- 
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ing operation, in the form of bubbles; which did not riſe, till a large part 
of the air was drawn out of the receive, But theſe bubbles never ariſe from 
water, till ſo much air is extracted, as, we find by the gage, exceeds a tenth 
part of the weight of the atmoſphere; and as the greateſt variation of the 
atmoſphere with us, never exceeds a tenth, there is no danger, that wa. 
ter ſhould, on this account, naturally part with its air: nay, even Water 
heated to 9o degrees, and freed from a tenth of the weight of the at. 
moſphere by the pump, does not diſcharge its air in bubbles : whence the 
air contained in the juices of the body, is never ſeparated from them, even 
in the lighteſt ſtate. of the atmoſphere in our climate. It may here be 
aſked, how it can be proved, that the large air-bubble produced at the 
top of the phial, is true elaſtic air? The proof conſiſts in this, that it expands, 
anck contracts, in proportion to the compreſſing weight, or heat and cold ap. 
plied ; which are the true characteriſticks of air. 

76. It may alſo be queſtioned, whether the air, thus produced, is really 
ſeparated from the water z or does not rather proceed from the ſpace be- 
tween that and the glaſs: but the following arguments will ſhew it to pro. 
ceed from the water. And firſt, we muſt obſerve, that a very different 

uantity of air is thus produced from equal quantities of different fluids; 
— quickſilver, water, wine, brandy, beer, alcohol, ropy wine, ferment- 
ing wine, half-fermented beer, and muſt, or ſtum, afford ſuch different 
uantities of air in vacuo, as make it plain, that this air does not proceed 

m the ſurface of the containing glaſs, but from the innermoſt pores of the 
liquor. Add, that ſome fluids afford little or no air under this treat- 
ment : thus ail of tartar per deliguium, tho' made in the air, ſcarce affords 
any by this experiment; no more does the volatile ſpirit of ſal ammoniac, if 
made extremely ſtrong. Again, we ſhall hereafter ſhew, that all the air, 
thus generated, will be reſorbed into the water from whence it was diſ- 
charged; and that the water afterwards can by no art be made to take in 
more air: which plainly ſhews, that much the greateſt part of the air in 
queſtion proceeds from the water. 

77. It remains only to obſerve, that this air has been obtained, by the 
ſame riment, from water, vinegar, diſtilled vinegar, -urine, ſpirit of u- 
rine, oil, water and oil together, expreſſed oil, milk, blood, ſerum, eggs, 
the white of egg, and from quickſilver: but if the ſame experiment be 
-made upon water, that has conitantly been kept boiling for an hour, it ſcarce 
affords any air at all. | 1 


EXPERIMENT V. 


= — 78. Water being well purged from all the elaſtic air it contains, then 
e y water. cool'd to the temperature of the atmoſphere, and expoſed to the common alt 3 


elaſtic air will then ſpontaneouſly and quickly enter, and ſeat itſelf in the pores 
thereof: and this it will . conſtantly do to a certain degree. This remarkable 
between water and the elaſtic air, may be thus exhibited to the eye. 


the apparatus be the ſame as in the ſecond part af the laſt . 
2 
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hence the elaſtic air was collected at the top of the phial; then if that bub- 
ble of air be compreſſed in the condenſer, yet the air will not thereby be 
mixed with the water; but, on the other hand, if the whole apparatus be 
expoſed to the external air, the bubble will begin to diminiſh ; and, at length, 
will totally vaniſh, and the whole cavity appear filled with water alone: 
and this conſtantly happens, ſo as that, at firſt, a large part of the collected 
air ſoon enters into the water ; whereas, the laſt particles enter very ſlowly. 
Hence, therefore, water will always perfectly re- abſorb the air that was arti- 
ficially diſcharged from it. | 
79. It is remarkable, that if this experiment be made with water, already Air does not 
ſaturated with its natural doſe of air, it can receive no more; for if, in the 2 + fat 
ſame apparatus, the air was not to be extracted, but the air-bubble to remain 1,4 
at the top of the water, and the veſſels ' were to remain thus for a year, this 
air-bubble would not enter into the water, but ſtill remain on the top; and 
this, tho* the glaſſes were to be ſhook : indeed, the air-bubble would be 
thus divided into leſs bubbles; but, with my utmoſt endeavour, I could ne- 
ver mix them, ſo as to render them inviſible in the water; yet I have tried 
to do it by compreſſing, heating, cooling, ſhaking, and by reſt : nor could I 
find it poſſible to mix more air with the water, than what it naturally con- 
tains. | | 1371 Diaw 79 : | 
80. In proſecuting theſe iments, I could not help remarking, how Ai difuſe 
ſmall a part of the ſurface of the water was touched by the air-bubble %% rough, 
at the top of the glaſs z and how from ſuch a ſmall ſurface it inſinuated itſelf . — 
thro' the whole large body of water, from whence, it was before collected: ; 
and as it was thus again equally diſtributed thro? all the pores of the water, 
there muſt of courſe be ſome attractive power in all the points of the water, 
with reſpe& to the air, which thus enters it ſpontaneouſly,” and without ſha- 
king: and ſo much for the firſt method of ſeparating elaſtic air from water, 
by removing the incumbent weight. | p 


EXPERIMENT I. 


$1. It is a curious experiment to ſeparate water by fire, and to collect and 4ir ſeparated 
manifeſt it; which may be thus done. Take a large, wide veſſel, A B, ca- . 
pable of bearing the fire, and having a flat bottom; fill it with common wa- 8 
ter; into this put a funnel, - whoſe wideſt part may nearly ſpread over the 
whole bottom of the veſſel; and let its narrow part C D be plunged under 
the water; then take a glaſs phial E F, whoſe ſtem E is large enough to re- 
ceive the end of the funnel C D; fill this phial to the top with water, and 
cloſing the orifice with the finger, invert it into the water of the veſſel A B, 
without letting any air come into the phial, and thus invert the neck upon 
the end of the 14 of the funnel; then place the veſſel AB, with this apparatus, 
over the fire, that they may all grow gradually warm together; and at length 
the water in the veſſel AB be brought to boil briſkly : by which means, the wa- 
ter under the funnel will determine the air of the boiling water, now rifing in 
bubbles, to paſs thro? the funnel 13 the neck of the phial, and thence _ 
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ſhake the glaſſes, when they diſcharge, and yet produce no air upon breaking, 
Theſe bubbles, therefore, do not ariſe from air, but from fire acting within 


kept boiling ; whereas the ar-bubbles ſoon ceaſe to riſe. Theſe two forts. of 


The Theory of CunmisTiy: 
the belly thereof, where it will be collected together at the top F; when, 
after a time, a certain quantity of true elaſtic air will be found ſeparated from 
the water; nor can more than a certain quantity be thus collected, tho? the 
boiling were ever ſo long continued, It is here remarkable, that after the 
water has diſcharged all its air in bubbles, at the top F, yet in the farther 
boiling, other large bubbles ſuddenly ariſe with great impetuoſity, fo as to 


the water, and therefore theſe always continue how long ſoever the water be 


bubbles di in their ſize and manner of breaking; the fire-bubbles being 
large, and breaking with a crack; but the air- bubbles ſmall, and burſting 
gently. If, in this tate, whilſt the air remains collected at F, the whole ap- 
tus be left in the cold, the air will return back into its water. I once 
Polled rain- water, in the eſt manner, for two hours, then placed it 
hot under the receiver, with the apparatus of the preceding fourth experi- 
ment; when extracting the air as el as poſſible, no air was at firſt found 
at the top of the phial C; but after having kept this water in vacuo for ſome 
days, a conſiderable quantity of air was produced: whence, I have ſome 
doubt, whether water be tranſmutable into air, upon being detained fo lo 
in vacuo ; or, whether air may ſo cloſely adhere to water as not to be dif 


charged by boiling, tho? it may be thence ſlowly ſeparated by time, in vacua, 


EXPERIMENT vn. 


82. Put min · water into a conical glaſs that widens upwards; expoſe it to 
a hard froſt, and the of the water will be contracted by the cold, tho? no 
force of weights was before able to compreſs it; but whilſt the frozen parts 
are brought cloſer together, and of courſe the ſpaces between them dimi- 
niſhed, the particles of air, lodged therein, are ſqueezed from their places, 
and united together; whereupon they feem to acquire an elaſticity, which 
they did not appear to have when angle Thus, therefore, theſe air-bubbles 
begin to manifeſt themſelves, grow large and more numerous; and, at length, 
becoming very great, they riſe upwards; when being reſiſted by the ice, they 
move thro? it by their elaſticity, ſwell the ice every way, and burſt the con- 
taining veſſel ; and the harder or longer it freezes, the larger, more nume- 
rous, and more forcible theſe elaſtic air-bubbles become : whence ice appears 
to enlarge its dimenſions by cold, tho? in reality it leſſens them; only, the 
air-bubbles, thus produced, poſſeſſing large ſpaces in the ice, thus in- 
creaſe the bulk of the whole z whence if the froſt be ſharp and long conti- 
nued, all the air, that was diſperſed thro” the water, is ſeparated from the 
pores of the ice, and collected into bubbles : which ſhews us another way of 

parating air from water, | 


EXPE: 
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EXPERIMENT VII. 


$3. As oil of tartar per deliguium is made by falt of tartar attracting 


the water diffuſed in the air, and eaſily turns to froth ; this ponderous 52 ora 


liquor has been ſuppoſed to be full of elaſtic air: but I have found, by all 
kinds of experiments, that it manifeſts no ſigns of air in the exhauſted re- 
ceiver, by boiling over the fire, or by freezing; whence we conclude, that 
fixed alkaline ſalt, upon its inſinuating into water, diſcharges the particles of 
air, poſſeſſes their places, and thus conſtitutes the heavieſt fluid, next to 
quickſilver ; unleſs we ſhould rather ſay, that it fixes the air without ex- 


pelling it. 


\ 


EXPERIMENT IX. 


427 


Air ſeparated 


84. I directly put the warm, morning urine of a healthy perſon under the 4- from the 
receiver of the air-pump, and immediately extracted air, as much as warm fluids 


poſſible, without perceiving any figns of air-bubbles for a long while, tho f 


the urine was ninety degrees hot, and the air pumped out to twenty-fix in- 
ches; but working the to twenty-ſeven inches, bubbles began to ap- 
pear; and ing ſtil er, this urine on a ſudden to boil in 
the vacuum, more violently than it does over a ſtrong fire, It is hard to ſay 
from whence this ſudden and violent motion of the urine ſhould ; 
whether it be from the air, or from the fire, contained therein, or from both. 
I made many fimilar experiments upon different animal fluids, and frrong brines 
of ſea-ſalt, nitre, ſal-ammoniac, the volatile ſalt of ſal-ammoniac and quick- 
filver, which might be worth repeating, but are tedious to relate. 


COROLLARY I. 
$5. It follows from our experiments, that tho the particles of elaſtic air 
adhere together with ſome degree of tenacity, yet it can reſolve itſelf into 
its minuteſt particles, and ſpontaneouſly infinuate into the of liquids, 
exhauſted of their air; and this equally thro? their whole conſequently, 
the air is attracted into theſe liquors, and into theſe pores. 


COROLLARY II. 


86. The air, thus attracted into the pores of liquors, is in the 
diſſolved into its minuteſt particles ; as being diſtributed thro* their 


action 
whole 


COROLLARY III. 


87. But the quantity of air, thus abſorbed by liquors, and diffuſed thro? 
is very ſmall, and takes up very little ſpace therein. | 
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more; and if attempted by motion, compreſſion, &c. they reject, and repel 


ment to prove it. Again, ſuch a ſingle particle is not eaſily dilatable by heat; 
* © therefore, as a ſingle magnet has no magnetical effects, unleſs another be near 


from the bottom to the top of the liquor, it paſſes thro? the pores thereof, 


very different in different fluds,,, 
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COROLLARY 1Vv, 


$9. Theſe liquors, of what ſort ſoever, when once ſaturated with this 
quantity of air abſorbed, .can by no means be made to receive any 


it in the form of froth, or bubbles. 


leo 3% e DARE W. 

90. Liquors, and eſpecially of the aqueous kind, when once ſaturated 
with any fort of falt, will not afterwards abſorb air. 

| COROLLARY VI. 


gr. A ſingle particle of air, thus lodged in a pore between the particles 
of a liquor, not ſeem to be air, as we commonly know it by its ppc 
marks, as not appearing to be elaſtic in this ſtate; at leaſt there is no experi- 


« confiderable degree whereof is required to remove it from its place: hence, 


it, and cannot in this reſpect be called a magnet; ſo a particle of air, exiſt- 
ing a horas cannot in. this reſpect be called air: they alſo agree in this, that 
both act only within their reſpective ſpheres of attraction. | 


*  -+COROLLARY vnn. 
99. But when, by any cauſe, two ſuch ſinggle particles of air are diſlodget 
from their pores in water, and come ſo cloſe as to touch, they ſeem mutually 
to repel each other, and thus form a ſmall bubble. e 
COROLLARY VIII. 


And as this ſmalleſt of bubbles, conſiſting only of two particles, poſſeſſes 
all the above-mentioned properties of elaſtic air; whilſt this bubble riſs 


where meeting with fimilar fingle rticles of air, it inereaſes into a larger 
bubble, and is the leſs preſſed the Egher it aſcends. 
COROLLARY IX. | 

93. Hence alſo, ſalts appear to attract this elaſtic air, leſs than liquors, 

eſpecially, of the aqueous Kind. trac Bod 1 5 

COROLLARY Xx. 

94 Hence, in all the known liquors, there ſeems to be only one de- 

termined proportion of air contained; and this always a very ſmall one, tlio 

COR Ol 
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COROLLAR Y XI. | | 
5. Hence it may be queſti ned whether the air, which produces the 
ect of fermentation in vegetable liquors, be only that which lodges ſepa- 
rately in their ſmalleſt pores; or, whether this be not rather aſſiſted by that 
truly elaſtic air contained in the air-veſſels of vegetables; or again, by the 
external air, uſually intermixed with fermenting ſubjects. | 


40 COROLLARY XII. 

96. The elaſtic air contained in the juices of animals, and here divided into 
its minuteſt particles, does not ſeem to be the cauſe of putrefaction; as ani- 
mal ſubjects ſcarce putrefy without the admiſſion of the external air, and in 
the open air putrefy quickly. 8 


EXPERIMENT X. 


97. The elaſtic, elementary air, which, when divided into its minuteſt How much” 
particles, is thus pres thro*'the body of water, is there ſo ſmall in bulk, / i water. 
3s to eſcape the ſenſes ; but when ſeparated from the water and collected to- 
gether, it takes up more ſpace than all the. water from whence it was diſ- 
charged: this appears to the eye by the following experiment. Let there See plate 8. 
be a parallelopiped veſſel A B, of copper, with a little cavity C, made in . 4. 
its bottom, capable of olding a drop or two of water; let there be alſo 
a ſmall conical glaſs D, open at the bottom, fill the veſſel AB, with pure 
expreſſed oil, 15 that the erect conical glaſs D, placed at the bottom of the 
veſſel AB, may be covered there with; then lay this conical glaſs, horizon- 
tally on its (de, as in F, ſo as that no air may remain in it, but its whole 
cavity be perfectly filled with oil; now place the whole apparatus over the 
fire, that the oil in the veſſel and in the conical glaſs may boil, till the oil _ 
ceaſes to crackle, whereby all the air and water, if there was any, will be 
diſcharged from the oil. After this, let all cool: then by means of a ſmall 
dan pe let a ſingle drop of water be introduced throꝰ the oil, into the little 
cavity C, which w:.ter will remain there, under the oil, by its own weight; 
then let the little glaſs D, remaining continually under the oil, to prevent 
any air from entering, be placed ere& over the little cavity C, ſo as to cover 
the drop of water centrally; in which caſe, the little glaſs will be full of 
oil without the leaſt admixture, of air or water. Now: place the veſſel With 
Its whole apparatus, over a furnace, ſo as that the flame of a lighted candle 
may commodiouily be applied under the cavity, where the drop of water is 
lodged ; and this ſo ſlowly and carefully, as that the drop of water may 
grow hot by degrees: this drop of water, now coming to boil, will cauſe ' 

z conſiderable noiſe under the oil, and the little glaſs; and N its 

ar towards the top of the little glaſs, twill there poſſeſ a conſiderable ſpace 

long as the heat continues, and proportionably force out the oil from 
L the conical glaſs. L he motion will here ſomctimes be ſo ſtrong, 3 
5 a . roP. ' 


a 
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drop of water is boiling, as to raiſe up the glaſs. When by this means, al! 
the air is diſcharged from the drop of water, let all cool; then the air in 
the little glaſs, being cooled, will be preſſed into à bubble at the top, and 
appear 2 than the drop of water from whence it was diſcharged, 
Laſtly, let the whole apparatus be placed upon the air-pump, and the air he 
extracted; when the air-bubble at the top of the little glaſs will expand 
itſelf, and r repel the oil, and manifeſt its elaſticity, upon 
taking off the preſſure of the atmoſphere z as it did before, upon increaſing 
the heat: but when the external air is admitted into the receiver, the 
bubble returns to its farmer fize: whence, there is no doubt to be made, 
that the air here generated is true elaſtic air. 

A in water 98. Hence, we learn, that the air which is diſperſed in water, is not 

Is not air. there ſuch a fluid body as it makes after being ſeparated from the water then 
collected, and its elaſtic parts united into one bubble; and that air, con- 
cealed in liquors, has not the ſame phyfical properties, as when united out 
of liquors z and conſequently, cannot produce the ſame effects in both caſes: 
it is,. therefore, unſatisfactory reaſoning, that becauſe air may be produced 
from liquors, therefore it muſt act as air in thoſe liquors; and in this 
moſt authors have been miſtaken, even the acuteſt; for inftance, 
Borelli, in his treatiſe De motu animalium ; where he mentions the vital oſcil- 
lation of elaſtic air in the blood: which may caution us not to reafon, ſo 
| as to be contradifted by experiments. 

Elaſticity 7 99. We farther jearn from our — 1 that the elaſtic particles 

air from of air, whilſt they exiſt ſeparate, eſs leſs ſpace than when they ar 

. united; whence, the power of expanding themſelves ariſes from their coming 
together; and therefore, poſſibly they may repel each other, when they are 

cloſeſt: this was Sir Iſaac Newton's opinion; and the progreſs daily made in | 
imental philoſophy, renders it more and more probable. 

The particls 100. We learn from the preceding doctrinę of the nature of air, that, 

of air v?y when reſolyed into its primary fingle particles, it may paſs thro? very ſmall : 

penetrating. 225 z for, * 1 its von 8 of 154 * air, 
naturally er; as we ſee by experiments, made upon , 

yegetable and münera fubtinces 3 fince * water, obtained from them, al- g 

ways affords elaſtic air; whence, ſuch air cannot be excluded from thoſe f 
places, where the liquors that carry it can enter; and therefore, in this 

_ reſpe&, elaſtic air muſt have a large ſpread. 1 

101. But air in its entire body will not paſs thrp* thoſe pores which it * 

2 eaſily enters when mixed with liquors; nor can“ the leaſt air- bubble pab 

ana. where liquor and air together may gain entrance; even the primary particks 

of air can ſcarce any way paſs thro* liquors already ſaturated with air; tho 

they do it eaſily where the liquors have been deprived of air: whence, per- 

haps, we may ſafely conclude, that in general, the air mixed with liquors, 

does not act in them by any power uſually attributed to common air: but 

when, by the cauſes above-enumerated, it begins to be ſeparated from the 

Hyper wherein it was contained, it then puts on the nature of true air, and 

all its properties. Air, therefore, is naturally preſent in chyle, milk, blood, 

ſerum, faliva, bile, the pancreatic juice, urine, Cc. but ſo diſperſed, as n0t 
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to act as air: and ſince we have ſeen, by the above experiments, that air con- — 
cealed in liquors cannot be diſcharged from them by a heat of ninety- two 
degrees, which is the higheſt that healthy blood will bear; hence, it follows, 
that the air intermixed with the animal fluids, cannot naturally ſeparate in a 
healthy body, or collect into air-bubbles, or have the effects of true air: but 
if this at any time happens, it muſt prove inſtantly fatal, as is known from 
the hiſtory of anatomical injections; where the experiment has been frequently 
repeated, and always with the ſame event. Thus, Ruyſch found air had 
inflated the heart of a man he diſſected; and Hippocrates mentions wind 
in the blood - veſſels as mortal (&). 
102. We now proceed to a few other experiments, whereby elaſtic air is Air. from 
extricated from bodies wherein it before lay concealed ; and for this pur- 8% aa 
poſe I had an air-pump ſo contrived, that I could eaſily mix bodies in —_ 
vacuo 3 which vacuum was fo perfect, that the mercury in the gage ſtood 
at 28 inches and :. In a veſſel, placed under this receiver, I put a dram 
and half of whole crabs-eyes ; * pouring. an ounce and half of warm 
diſtilled vinegar upon them in vacuo, a violent ebullition preſently aroſe in 
the occaſioning the mercury in the gage to deſcend twelve inches in 
an hour's time: the receiver, here employed, contained ſeven pints of 
vater; and the natural heat at this time was fifty-two degrees by the thermo- 
meter; whence the denſity of the air produced in the receiver, was to that 
of the atmoſphere, nearly as 24 to 57. 2 | 
103. *Tis remarkable, in this experiment, (i.) that the ebullition is much 
ſtronger in vacuo than in the open air; which, therefore, is not here neceſſary 
to preſs the vinegar into the crabs-eyes. (2.) That ſo much elaftic air is here 
generated, as to poſſeſs the ſpace of eighty cubic inches, and by its elaſti- 
city refiſt the preſſure of the whole atmoſphere. ('3.) That this quantity of 
ar may lie concealed in theſe bodies, ſo as to give no figns of itſelf, till 
the ebullition ſets it free. (4.) *Tis hence probable,. that the elaſtic air 
here generated, does not weigh like common air full of vapours. (g.) Hence, 
it appears, what would be the conſequence if an abſorbent, like crabs- eyes, 
a acid, like diftilled vinegar, and a vacuum were to be found in the veſſels 
of the human body : we may juſtly ſuſpe& that no ſuch ebullition can hap- 
n in the body z as ſo much air would be thence produced, a little whereof, | 
ok admitted into the veins, is mortal, | | 
104. I put a dram of chalk to two ounces of diſtilled vinegar in vacuo, From chalk.. 
ad found a much more violent efferveſcence ariſe than in the open air; the 
mercury in the gage fell from 28 + to 6. V | 
105, Upon puttiag oil of tartar per deliquium to diſtilled vinegar in vacuo, me we 


ariſes a very violent and ſudden ebullition 3 and only. a moderate one ene 
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« firſt, when this is done in the open air: a very large quantity of air is 
nly produced in the former caſe ; and yet tis remarkable, that no air 
an be found in oil of tartar, and that a very little fixed alkali faturates- 
Vinegar. Now, as theſe efferveſcences are hindered rather than promoted 
by the open air, they muſt neceſſarily proceed from ſome power in the bodies 


ves. 
106. 
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elaſtic air lodged in fluids, cannot be extracted from the 
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106. The following experiment ſhould be made with caution, viz, the 
mixing of ftrong oil of vitriol with ſtrong oil of tartar in vacuo. M. Hom. 
berg has ſhewn, that eight parts of ſalt of tartar may be ſaturated with five 
of oil of vitriol; which proportion we therefore make choice of: and know- 
ing, that a violent ebullition ariſes upon mixing theſe two liquors in 
the open air, I, firſt, endeavour to free them from the air they may con- 
tain, to leſſen as much as poſſible their expanſion in vacus; and afterwards 
uſe veſſels capable of containing twenty times the quantity J employ. Then 
ſetting the veſſel, wherein the mixture is to be made, in a glaſs diſh, and 
the veſſels of oil of vitriol and oil of tartar with it, upon the air-pump, I 
cover them all with a receiver; then exhauſt the air as much as poſſible: 
during the working of the pump, not the leaſt air-bubble ariſcs from the oil 
of tartar, but a great many from the oil of vitriol; then leaving them u 
vacus for fifteen hours, I afterwards mix the oil of vitriol and oil of tartar 
together; when a moſt violent efferveſcence inſtantly ariſes, ſo as to ſcatter 
particles of the liquor with great force all about the receiver. In the mean 
time, the mixture ſwells to twelve times its bulk. I took only four drams 
of oil of tartar, and a dram and half of oil of vitriol; and tho? the oil of 
vitriol ſeemed perfectly purged of air, and the oil of tartar ſeems to contain 
none; yet the air, produced by this efferveſcence, ſunk the gage from twenty- 
nine inches to twelve and a half: whence, it clearly appears that all the 
| them by the air- pump; 

but that the largeſt part thereof adheres ſo tenaceouſly, as not to be ſet 
free without this efferveſcence; ſo that the air- pump has but a very limited 
wer in this reſpect: and any one would be deceived, who ſhould ex- 


ped, that all the air may be extracted from liquors by their remaining fot 


twenty-four hours in vacto. - | 

107. It ſhould ſeem, from the preceding experiments, that the effer- 
veſcences, which thus happen between acids and alkalis, owe their origin 
to the ſtrong reciprocal attraction of the ſalts; whereby they at a certain 
diftance violently ruſh into one another, and in the ſhock expel the particles 
which lay between them or hinder'd their coming together, and intimately 
12 7 From this violent diſlodgment of theſe aerial particles, made in the 
act of union, the elaſtic air, here interpoſing, muſt be ' expelled, and unit- 
ing with others of the ſame nature, form bubbles and exploſions z ſo that 


all the ſtruggle, which nas ani in efferveſcence, is not owing to any re- 


pugnancy between the ſalts, but rather to their mutual attraction and coming 


together. Hence, all conflict totally ceaſes as ſoon as this union is com- 


pleated ; but the efferveſcence is not over ſo long as any particles of theſe 


falts remain ſeparate: hence, we ſee that even the water itſelf, wherein the 


acid and alkaline falts were held diſſolved, is ſtruck out, and ſeparated from 
them; for both the oil of tartar, and oil of vitriol, being liquid before they are 
mixed, yet after they unite by a ſtrong efferveſcence, they produce a white, 
ſolid falt in the midſt of the diſplaced water; whilſt only an aqueous part 
floats above it, weakly impregnated with ſome” of the diffolved ſalt. 

108. It muſt indeed be owned, that the ſalts produced from an acid and 
an alkali, united by efferveſcence, ſtill contain a wonderfully elaſtic air * 
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appears from experiments; for, if ſea-ſalt, nitre, or tartarus vitriolatus, re- 
generated from their own acid, and ſalt of tartar, be mixed with bole, and 
diſtilled in an open fire, they plentifully diſcharge elaſtic air; and this fo 
forcibly, as to break very capacious, and very ſtrong veſſels: which calls to 
mind the gas /ylveſtre of Helnont, and makes one doubt, whether, what | 
is thus generated, and diſploded, be true, elaſtic air; or whether, when. | 
bodies are in a certain manner reſolved into their minuteſt particles, they | | 
do not loſe their former nature, and change into elaſtic air; which concret- = 
ing with other particles, conſtitutes them new ſolid bodies; or laſtly, whether | 
there be not in nature, ſomething like common elaſtic air, without being air. 

109. But to go on with our experiments: put a glaſs of the ſtrongeſt From Sirir of 
ſpirit of nitre, with the ſame cautions, into the receiver, and exhauſt the air . _ 
23 much as poſſible; the ſpirit of nitre will ſcarce afford any bubbles all the 
time; tho? the ſtronger acid ſpirit, or oil, of vitriol in the foregoing experi- 
ment, afforded ſo much. Into this ſpirit of nitre in vacuo, put a grain or 
two of iron-filings ; a violent ebullition will immediatly ariſe, and a 
prob, red fume diffuſe itſelf all over the receiver, with an exploſion, ſo vio- 

t, as to endanger burſting the glaſſes: but it is here remarkable, that 
tho elaſtic air be thus generated, yet it is not in ſuch quantity, or capable 
of ſinking the quickſilver in the gage, ſo low as might be expected from 
ſuch a violent ebullition and fulmination, attended with groſs, red fumes 
all which immediately ceaſe upon letting in the external air, whereby the 
liquor ſhrinks into yery ſmall dimenſions; whence, we ſee that great and 
volent exploſions of bodies may ariſe, without a proportionable concurrence 
or an non . 0 Ep 

110, It may here per to relate an experiment, that is not raſhly to From fpirit of - 
be repeated, but ſtands deſcribed in the Philoſophical Tranſactions (I) : A glaſs vie and vil 
receiver, fix inches wide and eight inches deep, being applied to the air- 7 4 
Pap, and the air being drawn out as far as poſſible, after half a dram of 
pit of nitre, contained in one glaſs, and a dram of the diſtilled oil of 
anway-ſeed, contained in another, were put under it; then theſe two li- 
quots were mixed in vacuo, and in an inſtant, the plaſs-receiver was forced 
upwards into the air, and the mixture took fire. ence it appears, that 
much air was here generated from a dram and half of the liquors ; and by ex · 
panding itſelf with a great force, raiſed up 468 pound weight; and might 
perhaps have raiſed more, as it threw off the receiver with t violence: 
yet the air of both theſe liquors was before extracted by the air - pump; and 
this force, or elaſtic air, was eratedin an inſtant; whilſt at the ſame 
ume, the whole receiver was of flame: whence,the air was the more J 
*panded by the fire, and acquired the greater force; ſo as to act both by its . 
*alticity, and its expanſion by heat. Hence it is not eaſy to eſtimate the de- 
gee of this force, unleſs perhaps by uſing a receiver till larger and larger, 
tl at length the exploding matter could not raiſe the receiver; which, for 

purpoſe, might be kept from breaking, by a pulley and weight. 

111. The laſt method of producing elaſtic air is by means of heat or fire, Elaftic air 

® in fermentation, putrefaQion, 4 or calcination z but — Le, foe 
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ſubject would prove too copious: vegetable juices dilate conſiderably in fer. 
mentation ; Mr. Boyle has ſhewn, that bodies produce much air in putre. 
faction; Helmont has remarked, that crude tartar, in diſtillation, will bur# 
very large and ſtrong veſſels, if cloſely luted ; ſo, in the diſtillation of ani. 
mal ſubſtances, the retort and the receiver are extremely apt to burſt ; and 
in the diſtillation of nitre, ſalt, vitriol, alum, Sc. violent, elaſtic Vapours 
ariſe, Indeed, nearly all ſorts of bodies, treated by fire, ſhew, that elaſtic 
air makes a conſiderable part in their compoſition ;- at leaſt, that all known 
bodies do, by the force of fire, ſeparate a fluid, elaſtic, compreſſible mat- 
ter, that contracts with cold and expands with heat, which are the pro- 
perties of elaſtic air; tho* this matter, when confined and bound down 
in bodies, does not produce the effects of air; but when once let looſe, it 
has all the effects of air, and may again enter as an ingredient in the com- 
poſition of other bodies. Chemiſtry clearly ſhews this manner of reſolution 
and coinbination: and no examples hereof need at preſent be produced, after- 
what Dr. Hales hath written upon the ſubje& in his vegetable ſtatics. And- 
here I ſhould end my hiſtory of air, wherein J have laboured to ſhew hoy 
neceſſary a knowledge of natural philoſophy is to a chemiſt; and indeed, 
all thoſe arts, whereby natural philoſophy may be improved; as without 
theſe, a chemiſt will every where fall into errors himſelf, and impoſe upon 
athers, by aſſigning falſe cauſes for true ones. 
S 112. From this inquiry we learn, that all the ſubjects of chemical ope- 
| awith regard rations, and the operations them ſelves, are expoſed to this air we have 
to chemi/iry. been conſidering; and, r that they are liable to the accidents 
thereof; whence, in all the effects produced, a chemiſt ſhould carefully at- 
tend, how far the air may contribute to them: and in this view, it may be 
roper to repeat all the concurring effects of the air in chemiſtry. 1. There- 
e it ſurrounds, touches, reſtrains, and compreſſes all chemical ſubjects, 
both ſolid and fluid; inſinuates into their pores, and there acts according 
fo its nature. 2. Being determined to theſe ſubjects by its gravity, and be. 
ing diviſible by its fluidity, and thus inſinuating itſelf into their pores, and 
there Wenn, with particles whereto it is particularly attracted, it unites 
with them, loſes its fluidity and elaſticity,” and remains united with them, 
till ſet free again by efferveſtence, fermentation, putrefaction, or heat; at the 
ſame time, by means of other particles it contains, producing many. other 
effects. 3. It mixes bodies among one another by its weight, and the con- 
ſtant velocity of its motion; thus producing very particular and extri- 
ordinary effects; as was well known to the ancient adepts, and particular 
to Helmont (m), who has made great uſe thereof: and the like effects would 
be in vain expected in a higher, a lighter, or leſs degree of air; as we ſee 
in the mixing of oil of turpentine with ſalb of tartar, which does not ſucceed 
high up in the air. 4. Hence, the action of one body is applied, and deter- 
mined upon another; for, all things, heavier than air, are preſſed upon 
by it, moved with its motions, and mixed together; ſo that, if any par- 
ticles among them receive a particular property by coming in contact with 
air, ſuch property will be thus exeited and made manifeſt. Hence, man, 


ſolvents 


e See Helmont, p. 151. 5. 45. P. 334. $: 8. Ce. 
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ſolvents will ſcarce, act at all i» vacuo, but freely in the open air; as ſpirit 
of ſal-ammoniac upon copper; and vinegar upon iron and copper; but a 
moſt remarkable inſtance to this purpoſe is afforded by Papin's digeſtor ; 
where the air and water being forcibly prefſed and determined to a& upon 
the ſubjects by heat, preſently ſoften bone, &c. 5. The air, as a whole, gives 
a kind of perpetual motion to bodies; as by the leaſt change of heat it im- 
mediately contracts or expands; and as theſe changes are perpetual, - there 
is a conſtant vibratory motion in the air: the like happens alſo upon the 
conſtant variation of its weight; as appears by the diagonal barometer, 
where the quickſilver riſing two inches, the atmoſphere riſes 23800 fo 
that, ſince the quickſilver in the barometer never remains at the ſame pre- 
ciſe height, the atmoſphere muſt conſtantly vary in its weight. And fince this 


motion; and hence, perhaps, it is, that all the principal natural effects are 
produced in the open air. Thus paſte does not riſe, nor animals eaſily pu- 
trefy, nor fruit ſoon corrupt in vacuo z whence it a that without air 
the parts of animals, vegetables and minerals wonld remain almoſt un- 
changed. 6. The air ſeems to contain particles proper to diſſolve all 
forts of bodies; as nearly all ſorts of bodies float diſſolved in the air, it 
muſt needs happen, that one time or other, the propereſt diſſolving par- 
ticles will. be applied to every body, reſpectively: in which light, the air 
may be called an univerſal ſolvent (n). Thus there is no metal, or metallic 
matter, but ſooner or later is prey'd upon, or corroded, either in, or by 
the air; but it would be endlell to mention all the effects of the air upon 
bodies: in a word, it makes manifeſt what was obſcure; obſcures what was 
manifeſt: ſheathes what was corroſive ; un- ſheathes what was mild; fixes 
what was volatile; volatilizes what was fix d; produces colours, and de- 
troys them, Sc. c. To conclude, it is plain, that the ſame ſubject, treated 
apparently in the ſame manner, may produce a different effect, if the air 
de different: whenever, therefore, any chemical proceſs is deſcribed, let a 
particular regard be had to the ſtate of the atmoſphere ; otherwiſe it will 
be impoſlible to arrive at certainty, or any uniformity, in experiments, 
i See the Note, pag. 406, | | 
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air inſinuates itſelf into the pores of bodies, it myſt here excite a perpetual 
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1. A 8 water is common to be met with, and comes to be uſed on every 
coccaſion, men are apt to imagine they thoroughly underſtand its 
| nature; but thoſe who. have c applied themſelves to 
the examination thereof, find it. one of the difficult ſubjects in all 
natural philoſophy to be acquainted with. A. principal. cauſe of this 
difficulty is the. labour required to. ſeparate water from other bodies, or 
other bodies from water; which, continually. mixes itſelf with chemical 
ſubjects, and. eſpecially with the air (o), wherein all chemical operations 
are performed; ſo that it is ſcarce. any where excluded. Thus. the hardeſt 


and dryeſt bone, by diſtillation affords a ſpitit, that contains water; ſo 


likewiſe ſtone and brick, when reduced to powder and diſtilled, in dry 
veſſels, give out an aqueous moiſture, which, as a kind of cement, enters 
their compoſition, and ſticks their particles together; for brick:is made by 
mixing water with dry powdry clay, then drying and burning the mixture (). 
That the air abounds with water, we ſhewed in the preceding chapter; aud 
it may be proved to the fight, by expoſing a piece of ice to the air in the 


heat of ſummer, when an aqueous vapour will preſeatly appear as * 


to break water into minnte parts, and make 
them aſcend up ; if cannot, other- 
wiſe, more eaſily continue their agitation : for, 
I remember. that betwixt, Hans and Geneva, 
where the :Rhone is ſuddenly. ſtraitned by two 
rocks, exceedingly near each other, that rapid 
ſtream, daſhing. with im 


(e) It is diſputed; whether or no, water 
he convertible into air. In the vapours daily 
raiſed, we find water 9 great degree, 
ſo as to take youu in the atmoſphere,. and 
help to compoſe a conſiderable part of what 
we call air ; and even to contribute to many of 
the effects, aſcribed to the air: but ſuch vapour- 


air has not the c 
air; being eaſily reducible into water again. 
So, in digeſtions and diſtillations, the water 


be rariked into 1 yet it is not 
u 


really changed into air, _ 


t only divided by 


heat, and diffuſed into very minute parts, 


which, meeting together, preſently return to 
ſuch water as they conſtituted before. 


Water, rarified into vapour in an zolipile, 


will, for a while, have an elaſtic power, like 
that of air, and be driven out in a ſtream, much 
reſembling air ; but the elaſtic power of this 


ſtream is manifeſtly owing. to nothing el but 
ls 
baundein. yipers, tho they are eſteemed vet) 
hog in | — ; and will, in a convenient au, 
ſurvive, for 


the heat, that expands and agitates ti 

particles thereof; and, when that heatis gi 
the elaſticity and other aerial properties di 
pear likewiſe: rapid winds, * made, ſeem 
to be no more than mere water, broke inte 


\# 


little parts and put into motion; fince by hold, 
ing a ſmooth, ſolid and cloſe body againſt it, 
the vapours condenſing thereon, will preſently © 


cover the body with water. 
Tho' no heat intervenes, ſays Mr. Boyle, 


ech motion alone, il vehemeut, may ſullige | 


ters of true, permanent 
nute cor puſcles, 


"bounds in phlegm, that diſtilling ſome of it, 


them, breaks part of its water into ſuch mi- 
and gives it ſuch a motion, 
that a miſt, as it were, may be obſerved at a 
conſiderable. diſtance, ariſing from the place 
and aſcending high into the air, Boy's H 
TY 12 bſe h ta 
) * Fis ſurpriſing to obſerve, how gre 
„ up Trent kel 
whoſe forms promiſe nothing near ſo much 
eels, by diſtillation, yielded me ſome oil, ſpirit, 
and volatile falt, beſides the .caput mortu=® i 
yet all theſe were ſo diſproporti to the 
phlegm, that they ſeemed to have been nothing 
hay t t which likewiſe ſtrange!) 


days, the loſs of their bead: 
rts. Human blood itſelf, as ſpirituos 
borate a liquor as it is reputed, ſo 3 


on purpoſe to try the experiment, out of about 


7 + ounces, we drew near 6 of phlegm, be 
any of theſe operative principles began to riſe, 


Belles Scept. miſt. 82 
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about its ſurface ; and if held near to the hand, a vapour manifeſtly ariſes 
betwixt the ice and the ſurface of the ſkin : which vapour proves, that water 


was equally diſtributed thro? the air, but now, coming to be condenſed by the 


coldneſs of the ice, appears in a viſible form. So likewiſe, if a third part of 
powder d ſa|-ammoniac be put into a large glaſs of fair water; the external 
ſurface of the glaſs, tho perfectly dry before, will now 
dew, and trickle down in drops: which ſhews that the inviſible water of 


the air, like the breath in ſummer, is thus condenſed and rendered viſible, 


like the breath in winter. And as by theſe and numerous other ex 


periments, 


it is certain that the air always contains water, it's impoſſible that bodies, 


expoſed to the air, can be kept from water: but if it be ſo difficult to ſepa- 
rate water from air, it may be no leſs ſo to ſeparate many other bodies from 


water z and obtain it perfectiy pure, ſimple and elementary. It is certain, 


that numerous kinds of bodies are totally diſſoluble in water, both ſepa- 


ntely and conjointly, ſo as not to appear therein; whilſt cuſtom, which 


gives the law to words, calls this liquor by the name of water, tho? it be 


mixed and altered a thouſand ways: but when we carefully examine into 
its peculiar nature, we ſhall find it poſſeſs*d of many principal properties, in 
common with other fluids ; whence, there again ariſes a great difficulty in 
finding a mark, whereby water may be accurately diſtinguiſhed. from all 


other liquors. 


ntly ſtand of a 
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2. But he who enters upon this phyſical inquiry, ſhould neceſſarily have Ii mark tobe 
ſame certain mark, whereby to know water, whoſe nature he endeavours to fund. 


find; ſo that by means of this mark, he may diſtinguiſh water from all other 


bodies, which are not water: and at length all the properties found in water, 


are to be referred to that thing, wherein the former mark was found. 
3. In purſuance of this m 


od, we call water a very fluid, ſcentleſs, taſte · Naser - 


leſs, tranſparent, colourleſs liquor, which turns to ice with a certain degree 


of cold; by which marks every one knows water to be denoted : if there- 
fare we could procure ſuch water, perfectly free from the admixture. of any 
other body, it would be. eaſy 


becauſe, by- ſuppoſition, no other would be contained in it: but if other bo- - 
dies be:preſent in water, we muſt always remain in doubt to what kind of 
parts any diſcovered property belongs. 


4. But to obtain water pure, is impoſſible ; for, ſo lo 


to examine it chemically, hydroſtatically and 
mechanically; and thus we might be certain, that all the diſcoveries made 
would conſtantly belong to the nature of water, and to no other body beſide; 


as the form of Bre ia <va+ -- 


water remains, it always contains fire, and this in a conſiderable quantity : :“ - 


but as ſoon as the. quantity of fire in water leſſens, till. the thermometer 
ſtands at thirty two d 


many other bodies remain fluid in the cold that freezes water, yet may be 


froze by an intenſer cold: on the other hand, tho? the thermometer ſtands 


ſeventy three degrees below the point that freezes water; yet alcohol and 
mercury do not freeze: whence it ſhould ſcem that a large quantity of fire - 
s requiſite to keep water fluid (2). 


5. But 
Y Thus Mr. Boyle : Ice is _ ſaid to cold; but with regard to the nature of things, 


ſtate by and. ſetting aſide our m ο | 
4 | 


<2S 


water is no longer fluid, but ſolid ice; tho“ 
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Mixed with 5. But all water is continually expoſed to the air; which likewiſe enters 
2 * it in a certain proportion, as we have ſhewn above: now, the atmoſphere, 
2 we know, abounds with all ſorts of volatile bodies; whence of conſequence, 


the air muſt continually intermix its contents with water: an eminent proof of 
which we have after ſudden rains, attended with thunder and lightning, and 
following upon long droughts; for, the rain · water, collected at this time 
abounds with a great variety of particles, as chemiſts have often obſerved. 
6. And when the air has thus entered water, they are not eaſily ſe 

And not eafily ble again; the extraction of nearly the whole weight of the atmoſphere, 
ſeparable being required in the air-pump, before the air can extricate itſelf from water 
* in thirty-three degrees of heat; and it requires a hundred and fifty d 

of heat to ſeparate air, mix'd with water, in an atmoſphere of a middle 
weight: whence the greateſt natural heat, and the lighteſt atmoſphere 
with us, are not ſufficient to diſlodge air from common water. Fixed alcaline 
ſalts indeed, diſſolved in water, may ſeem to drive out the air; but at the 
ſame time they impregnate the water; and if the water be hence abſtracted, 
yet by thus paſſing thro? the air again, it becomes repleat therewith: but there 
is reaſon. to ſuſpect, that oil of tartar per deliquium does not yield air in 
vacuo; becauſe it is ſtrongly attractive and retentive of air: for, I have 
often found by experience, upon boiling ſtrong alcaline lixiviums, that 
when they began to thicken and grow dry, they would ſuddenly ſwell and 
riſe in a violent froth, and boil over, unleſs carefully prevented; the ſwelling 
being here ſtronger than in moſt, other liquors: which makes me ſuſpect, 
that true air is ſtrongly and largely attracted by pure fixed alkali, as ſoon as 
it is removed from the fire; and that it fixes the air ſo firmly in itſelf, as 
not to be ſeparated again, but by a very ſtrong fire, or by attracting ſome 
other thing, more nearly related, as an acid ſuppoſe z; with which it ferments, 
and thus = go its air. Hence we ſee, how ſeldom water is to be found 
without air, and the things contained in air; tis, therefore, neceſſary be- 
fore we come to our experiments upon water, that we expreſly treat of the 
ways whereby water may be obtained as pure as poſſible ; for, when once 
ſuch water is found, and carefully examined, we may come the nearer to a 


ee of the pure element. To perform this the better, we muſt pro- 
ceed ſlowly, and in order; examining all the properties of water ſucceſſively, 
which can any way be found therein, ſo long as it remains water: and as 
we proceed, it will always be neceſſary moſt carefully to obſerve, how every 
property, found in any water under examination, correſponds to that water 
which we find to be the pureſt ; this being, in my opinion, the only true way 


of purſuing the inquiry. 


Full as j be ſaid, that water is-ice, - 
— 1 by heat. If it be A 
ice, left to itſelf, will, upon the removal of 
the freezing agents, return to water; it may be 
anſwered, that, not to mention the ſnow and 
ice, which lie all the ſummer long on the A/ps, 
and other high mountains even in the torrid 
zone; we have been aſſured, that in ſome parts 
of Siberia, the ſurface of the ground cantinues 
more months of the year frozen by the natural 


1 | ; | 7. 
temperature of the climate, than thawed by 
the heat of the ſun; and that a little below 
the ſurface of the ground, the water, Which 
chances to be lodged in the cavities of the ſoil, 
continues in a ftate of ice all the year round; 
ſo that when in the heat of ſummer, the fields 
are covered with corn, if you dig a foot or 
two deep, you ſhall find ice and a frozen foil. 
tb Matura and Priternatural State of 
odres. N | 
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7. And firſt, we are to obſerve, that water has its own peculiar gravity, tho? De peculiar 
this be extremely difficult to find; becauſe water naturally contains many 2 el 
things that are lighter than the pure element itſelf, This appears remarkably ,, fad. 
in rain- water, and diſtilled-water; thus, for example, if any fermented ſpirit 
be contained in either, it renders them lighter ; as on the other hand, a ſpirit 
produced from putrefied vegetables, or animals, renders them heavier: but 
there are many other things mixed with the air, which prove naturally much 
heavier” than water, and render it more ponderous: for, ſaline, ſaponaceous 
and vitriolic bodies, largely diſſolve in water, ſo as to increaſe its gravity 
in ſprings, rivers, and wells, 

8. Well-water is properly the water found in the ſandy ſtratum of the 77/Lwawr.. 
earth, or quick-ſprings, by digging to a certain depth below the ſurface 
of the earth, where it is not ſtony, till we come to a pure ſand, which is 
in vain attempted to be dug through, freſh fanq continually flowing in from 
the neighbouring parts as faſt as any is removed; and in this ſand-bed the 
water always riſes from the bottom, and runs from the circumjacent parts; 
whence the names of quick-ſprings, and living- waters, ſeem to be derived; 
and if in a place thus dug, the acceſs of all water is carefully prevented, 
except what ſtrains thro* the ſand, a pure water may be thus 2 for, 
as ſand is only a collection of ſmall, clean flints, of ſuch different figures, 
and ſizes, as to leave interſtices between them; it thus ſtrains the water, and 
keeps back moſt other ſubſtances, that were mixed with it; thus rendering 
the water pure and limpid : ſo that if there are no fine falts in the neigh- 
bourhood of theſe ſands, the water muſt needs have a great degree of 
purity z tho' in general the caſe is otherwiſe, and ſalts, Sc. mix with 
the water and increaſe its weight: the earth being a kind of chaos from. 
whence all things riſe, and back into which they all return. This water, 
therefore, is a kind of lixivium, wherein thoſe things are held diffolved that 
water is capable of diſſolving ; whence it appears, that water can rarely be 
obtained pure, and muſt differ according to the difference of the pla- 
ces through which it paſſes, Now if we compare the pureſt water, that 
can be thus obtained, with another body that does not vary its weight, as.. 
pure gold for inſtance; we ſhall find it to gold, as'250 to 4909, or nearly, 
a3 1 to 203 to rock-cryſtal as 1 to 2 2 3 to marble as 1 to 24 to. com- 
mon air as 1 to 850,. Cc (r). But as heat makes water ſpecifically lighter, . 
hence in all experiments about the relative weight of bodies to water, the de- 
gree of heat in the air is carefully to be obſerved ;. and ſince the expanſions:. 
of bodies from heat are to one another as the weights of the bodies ex- 
panded, with this difference, that fluids expand more than ſolids ; hence 
metals will be much leſs expanded than water by the ſame degree of heat; 
and, therefore, no obſervation of the weight of metals to water can agree, 
il made in. different degrees of heat: but if two different kinds of Water 
ſhall, in the ſame degree of heat, differ in their weight, with reſpect to 
gold, the heavier will always contain matter in it more res an the. 
vater; -whence, the heavier any water js, the more it 1d be W . 


* 
(e See Phil. Tranſa&. No. 187. p. 366. p. 183. p. 212. 
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what is not water: and hence phyſicians judge heavy waters 
to be unwholeſome, and the light ones to be purer better (5); unleſs 
their lightneſs be owing to an ad mixture of ſpirits. Hippocrates ſays that light 
water is eaſy of digeſtion and paſſes off quick; and again, that the lighteſt, 


"ſweeteſt and cleareſt rain-water is the beſt and moſt medicinal (f). Herodotys 
(«) has this remarkable paſſage: © in #7hiopra they live to 120 years or lon- 


ger; they eat dreſſed fleſh, and drink milk: they have a water that no- 
thing will float upon, not wood: and even things . ſink therein; 
and this water makes them long-lived.” But in our days we meet with 
no ſuch water as this; if it could be procured, we might hence have 2 
method of comparing our ſubject with it; but even repeated diſtillation will 
not afford us ſuch a water. So that preſuming this account to be true, [ 


an 


„ Phyſicians generally ſuppoſe the light 
and 3 the moſt wholeſome : ſo that 
an eaſy contrivance to know, when water has 
theſe properties, would be of ſervice. We 
have told that water brought out of 
1 into England, was found by common 
cales, to be ſpecifically lighter than ours, by 
four ounces, in the pint. Thus many kin 
of pump-water will not bear ſoap, and ſome 
2 not dye ſcarlet, or other particular co- 
ours. | 171 
Dr. Hook has contrived a water · poĩſe, which 
may be of ſervice in examining the puri- 
ty, Cc. of water: it conſiſts of a round glaſs- 
ball, like a bolt-head, about three inches in 
diameter, with a narrow ſtem or neck t of 
an inch; which being poiſed with red lead, 
ſo as to make it but little heavier than a pure, 
ſweet-water, and thus fitted to one end of a 
fige balance, with a counter-poiſe at the other ; 
upon the leaſt addition, of even xo757 part of 
ſalt to a quantity of water, half an inch of 
the neck will 1 above the water, more 
than did before. Phila/oph. Tranſa#. Ne. 197. 

It is generally granted, that thoſe waters, 
exteris paribus, are the beſt, as well for whole- 
ſomeneſs, as other various ceconomical uſes, 
Se. that are freeſt from ſaltneſs ; which is an 
adventatious, and in moſt caſes, a hurtful qua- 


lity'in waters. Mr. Boyle, therefore, contrived. 


a veryextraordinary method of examining the 
freſhneſs and ſaltneſs of waters, by a precipitant, 


which could diſcover one part of ſale in 1000, 


nay 2, or rief. of water. This he proved 
before K. Charles II,. but he was enjoined to 
it a ſecret. Bid. 

IL have often ſound an unſuſpected 
in water, by pouring thereinto a ſolution of 
— ſilver, made in agua a for, as com- 
mon ſalt, or its ſpiric, will precipitate the me- 


ſea · ſalt 


ſuſſ 155 that the woods in that part of Ahiopia are extremely ponderous, 
| q their waters lighter than ours: it is certain that in Aa, Africa, and 
America, eſpecially the hotter parts of them, there are woods that approach 


to 


tal in form of a white calx in ſuch a ſolution ; 
I imagined, if the water, in its paſſage thro' 
the earth, 2 ever ſo few ſaline cor puſcles, 
they would act, tho' faintly, upon the diſſolved 
particles of filver 3 and accordingly, upon their 
mixture, a kind of whitenefs immediately en- 
ſued. This experiment has taught me to avoid 
ſuch water, and to uſe in its ſtead rain-water, 
or that, which had been freed from its ſalt by 
Pac diſtillation. Boyle's Uſeful. of Exper. 
ia}. ; 

Divers means have been attempted for mak- 
ing ſea-water ſweet ; Mr. Haughton had a ſecret 
for this purpoſe, which he at length diſcovered 
in the hiſtory of the royal academy. It con- 
fiſted in firſt precipitating the water with oil 
of tartar ; then diſtilling ; and laſtly, filtrating 
it thro' a peculiar ſort of exrth, which he 
mixes with it, and ſuffers to ſettle to the bot- 
tom. After theſe three operations, the water 
remains perfectly wholeſome. 

Dr. Lifter holds, that ſalt · water is rendered 
freſh by the breath of plants, growing in 
it; and accordingly gives us an experiment, 
wherein ſome common ſea- or alza ma- 
rina, being ſet in a glaſs body of ſalt- water, 
diſtilled every day, without any fire, a quan- 
or of pure, potable water. Phil. Tran/. Ns. 
156, 

"The thawed ice of ſea-water is often uſed at 
Amfierdam, for brewing. And Barthobne, in 
his book de nivis aa, confirms this relatim 
in the following words: 'Tis certain, ſays 
* he, that if the ice of the ſca-water be thaw- 
© ed, it loſes its ſaltneſs ; as has been lately 
tried by a profeſſor in our univerſity ? 
(t) Hippoc. de acre, aquis & locis. $. 16, 


'T 
| 0 Herod, lib. III. c. 125. 
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to the hardneſs of iron, and the weight of ſtone; whence, they are called 
iron- woods. Box-wood, long kept, with us is extremely ſolid and pon- 
derous; ſo is that icular kind of oak, commonly called iron- dak; and 
of the beſt lignum- vitæ the Americans make their weapons: whence we have 
a confirmation of the truth of what he relates. Indeed, later obſervations 
confirm nearly all the relations of this hiſtorian ; tho? ſuch as are ignorant 
in natural philoſophy, eſteem them as falſe, or fabulous: but the lighteſt 
water, that we can at preſent procure, either by nature, or art, is conſtantly 
heavier than all the known wines, or liquors procured by fermentation with 
water and vegetables, | 


.. Another property of water, in common with other liquors, is its uid; 
fludity ; which is ſo great, that its ſmalleſt particles — from each — W 
other with a very little heat or motion: whence, experiments, carefully 
made, may ſhew what proportion exhales in a given time, from a known 
ſurface of water, with a given heat; whilſt the water is not diſturbed by * 
winds, Where we are to obſerve, that, ceteris paribus, water exhales the 
more, the purer it is; and the leſs, the more it abounds with ſalt; ſo that, if 
e pure, there is ſcarce any coheſion between its parts: which being 

wn out, they do not run in long, ropy veins, or ſpirals, but rather diſſipate 
into a fine dew. Thus, when diſtilled with a gentle heat in clean vlaſs-veſſels, 
it riſes in a tepid bs gd, which ſtriking againſt the fides of the glaſs, re- 
turns to water; and running down the internal ſurface, never appears in 
veins, as oils and ſpirits do, but reſembles dew-drops : whilſt ſea-water, on 
account of the ſalt and bitumen mixed among it, does not ſo eafily ſeparate 
into its particles, as freſh z whence ſprings, brodks, rivers, lakes and ponds 
exhale more in ion than the ſea, How much the ſea, and fair water 
exhale, and with what difference, is computed by Dr. Halley (x). A ſmall 
5 of heat, ſo as not to raiſe a ſenſible vapour, occaſions a copious ex- 
halation from water; whence, by the heat of the ſun, and the action of the 
winds, water is continually kept in motion, carried off and diſperſed. And 
hence ap the great neceſſity and uſe both of the ſun. and wind; but, 
what makes moſt to our preſent purpoſe, we hence learn that the 3 
of water are ſo Wow 3 op as to be totally ſeparable, and reſolvable by a 
very ſlight cauſe. | : 

10. This great fluidity of water is entirely owing to fire, applied in a Depend: nen 
certain degree; for, if pure water be expoſed to the air, ſo as to be every re. 
way affected by the temperature thereof, it loſes its fluidity at the thirty- ſe- 
cond degree of our thermometer; whence thirty-three degrees of heat are ſuf- 
ficient to preſerve water fluid : and ſo long as water retains this degree of 
heat, ſo long it retains motion, or exhales, and conſequently flows, with this 

egree of heat. But as this degree of cold may naturally, as we ſaw in the 
hiſtory of fire, be augmented to the firſt degree; and as heat ſeldom na- 
urally riſes to eighty degrees ; hence it appears, that water may become 
and remain ice, within the limits of + part of the greateſt natural heat; and 
with the other ; become and remain water: which could not eafily be cre- 
Cited, unleſs thus ſatisfactorily proved. And doubtleſs, there muſt be ſome 


LI weighty 


(x) Phil. Tranſ. Ne. 189 p. 366. 
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weighty eauſe in nature, why water ſnould only remain water in that degree 
of heat, and ice in a leſs. | | 
hrs fluidity 11. And when water once obtains its firſt fluidity with this determined 
ver 2 degree of heat, it retains the ſame invariably, in all greater degrees of heat; 
2 | fo that no art, hitherto known, can render it more fluid, how great a fire 
ſoever be applied: hence, water either exiſts in its own fluid tate, or in the 
form of ice; whilſt the action of fire cannot divide its particles farther, but 
only ſet them looſe ; upon which, the water immediately becomes as fluid, 
as its nature permits. Thus Sir Jaac Newton has ſhewn by experiments, that 
7 [ vibrate equally alike in hot water and in cold (0). But here we 
peak with reſpe& to our ſenſes, ſo far as they give us notice of the changes 
in bodies; and with regard to the lubricity of the parts of water, whe 
they act upon each other with a determinate force, which we judge fo ſmall 
that fire cannot leſſen it ſenſibly ; otherwiſe we know, that water conſtantly 
becomes lighter and rarer from thirty-two degrees of heat, up to two hundred 
and twelve; and on this account gives leſs reſiſtance do the motion of the 
fame body of the fame weight. The ſcale of the rarifaction of water we 
have already given in the hiſtory of fire: thus boiling-water poſſeſſes th more 
ge; but this makes ſcarce any ſenſible difference in the motion of a pen- 
vlam, whilſt itſelf alſo rarifies by the boiling water, and renders ſo ſmall a 


: 


difference {till leſs. 
The ſmallneſs 12. If we reflect upon the ultimate particles of water, we ſhall find them 


8 parti- fo extremely ſmall as not to be meaſured: a ſingle particle not being an 
: object of ſenſe, however aſſiſted; nor manifeſting its bulk by uniting with 
other things. In the hiſtory of air we have ſhewn, that water may pals thro' 
ſmaller pores than air (z) ; as, for example, thro? the inviſible pores of wood, 
| where no elaſtic air can enter: tho* this does not ſhew the real ſmallneſs of 
the fingle particles of water, but only their penetrating power, which may 
depend more upon the figure, than the ſize of the particles. Nor can we here 
argue from weight: as a ſpherical —— of gold may paſs, where the ſame 
particle beat into a thin plate could not. I farther doubt, whether a ſingle 
elementary particle of air be leſs than a fingle elementary particle of water; 
becauſe, particles of air may lodge between the contiguous particles of water, 
and yet the water remain incompreſſible, as was above ſhewn in the hiſtory 

of air. het 
Its penetra- 13. Tho' we cannot determine the fize of the component particles of 
9. water, yet we know no fluid more penetrating, if we except fire (which 
all things) the magnetic effluvia, and light. It's true indeed, ol 
will ſometimes ſoak thro? ak. that would contain water; but the reaſon 5, 
that the oil diſſolves the roſin of the wood, and ſo both run thro' together: 
whereas water, not diſſolving the roſin, does not ſweat thro*. So — 

| wa 


- | I | do 
) See Newton, ec, p. 312, air, for want of a wetting property, cannot 
4 M. Homberg is of opinion, that water As a proof of this Joftrine, he filled a bladder 
enters ſuch narrow pores as will not admit with air, and compreſſed it with a ſtone, 2 
the air, only becauſe it moiſtens and diſſolves found no air to come out: but placing ©. 

- the glutinous matter of the fine fibres of the, bladder, thus compreſſed, in water, that 
- membranes, and alſo renders them more pliz- eafily eſcaped. Hf. de I Acad. Ann. 1700! 

ble and diſtractile; which are things that the p. 45. 8% 
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water does not paſs thro? paper, firſt moiſtened with oil, but oil eaſily will: 

and hence alſo it is, that ſyrups will ſometimes ſweat thro' caſks, where 

water would not; ſugar and water being a ſaponaceous lixivium, that diſſolves 

the gummineſs of wood: hence alſo lixiviums, eſpecially of the alcaline kind, 

can Cars be confined in caſks that would confine water. Upon the whole, 

of all true liquors, water ſeems to be the moſt fluid, and moſt penetrating. 
14. On the other hand, all metallic veſſels confine water; nor can it xy genera! 

fink into any of the precious ſtones, flints, or the — and hard rock - Fo 

ſtones, glaſs, or ſulphur ; nor can it paſs thro? cloſe, hard, ponderous rofiny 

woods, tho? it will thro? ſuch as are ſpungy, ſoft, light, aqueous or faline ; 

4 alſo, through ſoft, ſpungy ſtones, brick and unglazed earthen-ware z but, 

not thro* china-veſſels, or glazed earthen-ware. Glaſs neither ch water, 
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nor is Changed by it; and, therefore, preſerves it well. Clavius the mathe- 
matician, put ſome water into a glaſs-phial whith a long neck, ſealed it up 
hermetically, and with a diamond marked the height it roſe to; and at the 
end of eighty years, it was found in Krcher's muſeum at Rome, ſtill full 
up to the mark. TEE 1 
15. If cold water does not paſs through any veſſel that will bear the fire, % heated, | 
neither will it paſs through the ſame, when boiling x as we ſee in all the | 
" chemical diſtillations of water, Papin's digeſtor, and the zolipile. Some 
chemiſts, I know, ate of a contrary opinion; and imagine, that water may 
_ by heat be ſo attenuated as, after repeated diſtillations, to paſs thro? the ſub- 
= ſtance of the glaſs (a): but we are to remember, that tt is extremely difficult 
2h to join the diftilling-veſſels ſo cloſe, as that no vapour ſhall paſs through the 
— luting. Others have faid, that by repeated diſtillation, water acquires a cor- PRO | 
od, roding property : but in all my experiments, I do not remember, that it n l 
* ever acquired any acrimony by diſtillation; and am convinced of the 
nay extreme difficulty of 122 diſtillations in any laboratory, full of vapours, 
ore and abounding with fires, and at the ſame time prevent loſing part of the 
* ſubject, and keep it from all accidental mixture. 2 
ngle 16. It is alſo found, that water, contained in a ſtrong veſſel, cannot by Or con- 
* preſſure be forced thro? its potes, as we ſee in Papin's digeſtor. For farther r 
ater, proof, we made the following experiments in the hydraulic machine AB CD, P44 9. /2-1- 
tory where AB is a hollow, braſs cylinder, folder'd up cloſe, and only opening 
at B, into the tube C D, which alſo was ſoldered at B, and riſes in a right- 
s Of angle at C, ſix-foot high to D, ſo as to leave a communication between the 
Thich cavities A B, and BCD: at ct there is a ſtop-cock E, à little above the 
z, oil cover AF. Now, on pouring in water at D, and opening the ſtop- cock E, 
on 15, ſo as to fill the veſſel AB, and afterwards turning the cock E, and ſtill 
ther: ＋ water into the tube dec, this 7 the water in A B ſo ſtrongly, 
in, as to diſtend the veſſel, and force the braſs- cover A F upwards, tho? a 
water out weight was laid upon it, yet not a drop of water came through the 
"not do es: nay, when water was poured in almoſt up to D, the ſoldering was“ 
bladder burſt by the preſſure, and the water ran out at the cracks. From whence it is 
ne, . plain, that water, preſſed by a great weight, cannot be forced through thoſe 
— ” pores which it would not r r paſs by its own finenels of parts. 
. $70! nie 43 


(a) See Stahl, in fundament. chem. dogm. & exp. P. 38. 5. 7. 
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Made frerly 17. We fee, therefore, that the particles of water, whilſt they exiſt f. 


Not to be 


attenuated by 


tion ſeems rather owing to the attraction of the particles one among ano- 


: they are ſo conſtant and unchangeable in their native figure, that no power 
ofart or nature can alter it; and this both ſeparately conſidered, or in the mals; 


_ * 
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parate, can be enlarged by no ot her cauſe but fire alone, which has this 
power univerſally upon all bodies; and that theſe particles cannot be di- 
miniſned but by the abſence of fire : but this ſenſible diminution in the par- 
ticles of water goes no farther than to two and thirty degrees of heat, when 
water becomes ice; and the farther contraction of the particles of water, 
which happens in ice, cannot be obſerved, becauſe the air, expelled by the 
cloſer union of the contracted particles, begins to form elaſtic bubbles; 
which, then obtaining an elaſtic power, dilate the ice more than it is con- 
tracted by eold. Whence we underſtand the reaſon of the obſervation made 
by maſons ; viz. that cold water penetrates farther into walls than hot: for, 
we have ſeen above in the chapter of fire, that water is more condenſed than 
ſtones by cold; whence the pores of ſtones are leſs contracted by the fame 
degree of cold than the particles of water; and, conſequently, water, ren. 
dered as cold as poſſible, may paſs thro* pores which it could not enter hot. 
18, Theſe obſervations being conſtant, we infer that fire with all its force, 
however applied, and continued, to water, can never divide its component 
particles, or make them ſmaller; but on the contrary, enlarge their bulk, 
and ſtrongly agitate them one among another : wherem the utmoſt power 
of fire on water terminates. I have, in ſtill weather, collected rain-water on 
the top of the obſervatory, belonging to our univerſity ;. and diſtilling it 
with a gentle fire in clean veſſels, kept it cloſe ſhut up for ſeveral years, 
without ever finding it to differ, in any reſpect, by hydroſtatical and che- 
19. But as a heat of thirty-three degrees diſſolves ice into water, or 
water fluid ; hence we learn, that its are continually moved by this 
fire, whilſt it remains water: for, this fire, which turns ice into water, 
is more than + part of the greateſt natural heat; and, therefore ſo great a 
proportion of heat, as is required to melt ice, muſt of conſequence move its 
particles : whence, the particles of water, ſeemingly at reft, are conceived 
to be in continual motion. Thus alſo the ſolution of ſalts, by means of 
water apparently at reſt, ſhews its particles to be in motion; tho? this ſolu- 


ther, than to impulſe (): but a ſolution could ſcarce be made in the whole 
maſs, unleſs the particles continually changed their places by a continual 
motion, and thence came ſucceſſively in contact with the ſalts to be diſſolved. 
Again, water can never be at reſt in the containing veſſel, while all things 
capable of ſuſtaining water, are in a tremulous motion. 

20. Hence the ultimate particles of water ſeem to be immutable; at leaſt, 


for, 


(+) Theſe inſtances of the ſolution of ſalts ſalt to the water. It may ariſe from the 
in water may be accounted for, on Sir //aac mutual attraction between the pr of the 
Newton's principles, without ſuppoſing the water and the falt ; which, ＋ 

icles of the fluid in continual motion. than that between the particles of the — 
Tru, to effect a ſolution, there muſt firſt be may induce = ſeparation thereof, and oc 
motion ; but that motion need not be ſappoſed them to recede from each other, 
to have exiſted before the application of the themſelves throughout the water. 


os: a. en EN. 2 
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for, fince water always returns the ſame from every operation as it was be- 
fore, being neither denſer nor rarer, heavier nor lighter, groſſer nor finer ; 
it appears that the particles, and their figures, muſt have remained the ſame : 
conſequently pon between them; whence of conſequence, a difference 
would always ariſe in their denſity and gravity. Thus, ſuppoſing theſe par- 
ticles ſpherical, and this figure by their compreſſion to be rendered cubical,. 
the large ſpaces between the ſpherical particles would occaſion a great de- 
gree + lightneſs and rarifaction; and there being no ſpaces between the 
cubical particles, this would occafion an increaſe of weight and denſity : but 
nothing of this kind is found in the æolipile; where water is violently agitated 
by the fire, and a ſtrong reſiſtance made to its exit thro* the narrow neck 
whence it is highly rarified and divided; yet the vapour, thus ifluing, 
being collected, always returns to water. 


for, if their figures ſhould be altered, ſo muſt their manner of contact, and 
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21. Hence, the 5 particles of water are not flexible, or anguillular; flexible, 


as Des Cartes, and Stairs ſuppoſed: on the contrary, they appear to be 
perfectly rigid, inflexible and of an adamantine hardneſs. Perhaps, they 
are all equally perfect and ſolid ſpheres; ſo that if air ſhould, in a glo- 
bular form, lodge in the interſtices of water, this ſpace of the water would 


be to the ſpace of the air as a hundred to ſeven, according to the calcula- 
tion of Cruquius. 


22, That the particles of water are abſolutely incompreſſible has been 4 incom: 
abundantly ſhewn by the experiments of the academy del Cimento; and preible. 


Du Hamel relates that a golden . perfectly filled with water, could not 
be compreſſed: on the other hand, M. Colbert (c) relates that a ſphere of lead, 
filled with water, is compreſſible by the hammer; and the Lord Bacon, that 
a ſphere of tin, being filled with water, and ſtrongly compreſſed, water ſpirted 
out of it at a hole, purpoſely made in it. Mr. Boyle, and Mr. Stairs ſay, that 
in ſuch an experiment, water was projected to the diſtance of three feet; 
which ſeems to contradict the Florentine experiment. But here, two things 
are to be regarded; and firſt, that air might eaſily inſinuate itſelf in the filling 


of theſe veſſels ; which, coming to be compreſſed, and finding vent, might 


diſcharge the water, Secondly, the parts of the metal, ſqueezed: by the 
force, might endeavour to contract themſelves upon the water; which, 
therefore, would fly out at an orifice purpoſely made: ſo that we are not 
from hence to infer, that water is compreſſible or elaſtic. We may, therefore, 
ſafely conclude, that, how much ſoever the weight of the atmoſphere may 
vary, water is not more or leſs compreſſed; or rendered more or leſs denſe 

ereby. Hence, it is a wonderful contrivance. of the author of nature, 
to make one of the elements, v1z. air, almoſt infinitely: elaſtic, and another, 


viz. water, unelaſtic. In experiments of this kind, great regard muſt be had, 


that no more air lodges in the veſſel than what the water naturally contains :- 
ſecondly, that the degree of heat be the ſame, during the whole time of the 
experiment; and, thirdly, that the air, naturally contained in water, is not 
there elaſtic, unleſs it comes to be expanded with a certain degree of heat; 
Which drives it out by an hydroftatical force, when, as in making a vacuum, 

| | 3 | uniting. 
M. Colb. Phyſ. General. part. I. p. 4 


The ſimplicity 


of water. 


. 


_ before any animal or 
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uniting with ſimilar pa: ticles, it acquires an elaſticity : and unleſs theſe cauti. 
ons are duly obſerved, an error may eaſily happen in making the experiments. 


23. The next 


operty to be conſidered of water, is its great fimplicity 


for, when perfectly pure and elementary, there is no diverſity in its parts, 


but an univerſal ſameneſs: and we have juſt now ſhewn, that its 


are 


immutable in their quantity, ure, denſity, weight, Sc. The alchemiſts, 
1 


ever attentive to this great 


mplicity of water, judged that all bodies, 


eſpecially the ſimple ones, are made of it alone, as their firſt matter, by 
means of a ſeminal faculty in the ſeed, and a quickning fire (d). Thus 
Paracelſus ſe) fays that water is properly an element, or the true mother 
of all metals. Helmont inculcates the ſame doctrine thro? all his works (/): 

9 and 


(4) With regard to this, Mr. Boyle ob- 


ſerves, that he ſees no neceſſity to conceive, 


that the water mentioned by Mo/es, on which 
the ſpirit is ſaid to have brooded, as the uni- 
verſal matter, was our elementary water; 
ſince, tho' we ſhould ſuppoſe it to have been 
an agitated congeries, conſiſting of a great va- 
riety of ſeminal principles, of other cor- 
puſel 


es, fit to be ſubducd and faſhioned by - 


chem, it might yet be a body, fluid like water, 


in caſe the corpuſcles, it was made up of, were, 


by their Creator, form'd ſmall enough; and put 
into ſuch actual motion, as might make them 
all roll, and glide on one another. And as we 
now (ay the ſea conſiſts of water, notwith- 
ſtanding the ſaline, terreſtrial, and other bo- 
dies, mixed with it; ſuch a liquor, as the for- 
mer, might well be called water ; becauſe that 
was. the neareſt of the known bodies whereto 
it was like. But that bodies may be fluid 

to appear a liquor, and yet contain 


enough | 
corpuſcles of a very different nature, appears 


from expoſing a quantity of vitriol in a ſtrong 
veſſel to a competent fire; for, tho? it contains 


yeous, earthy, ſaline, ſulphureous and me- 


talline parts, yet the whole maſs will at firſt 
be fluid, and boil like water. Scept. Chem. 
Dr. Lifter's ſentiment is not very remote 
from this : He imagines ſea-water to have been 
the only element created at the beginning, 
ez or, even be- 
fore the ſun itſelf, Freſh-water, he ſuppoſes, 
to have aroſe accidentally, after the creation 
of theſe ; and to owe its origin to the vapours 
of plants, the breath of animals, and the exha- 
1utons raiſed by the ſun, De Font. Med. Ang/. 
Dr. Halley is of another opinion: He takes 
for granted, that the ſaltneſs of the ſea ariſes 
— the ſaline —_— . imbibed 
the rivers in their progreſs, and diſcha 
with their waters into the ocean ; and — 
tly, that the degree of ſaltneſs is continu- 
ally and gradually encreaſing. On this hypo- 
theſis, he even propoſes a method for deter- 
mining 3 of the world ; for, two ex- 
Teriments of the degree of faltneſs, made at a 


large interval of time, will, by the rule of pro- 
portion, give the time, wherein it has . 


acquiring its preſent degree. Phil. Tras/ 


N. 344- | 
Tho' ſpirit of wine exquiſitely reQiked, 
ſeems of al liquors the moſt free water, 


yet even this is by Hel/mont affirmed to be ma- 
terially water, under a ſulphureous diſguiſe; 
for, according to him, in making 2 
balſamus ſamech (which is nothing but /a/ tar- 
tari dulcified, by diſtilling ſpirit of wine from 
it, till the ſalt ſufficiently ſaturated with 
its ſulphur, and till it ſuffers the liquor to 
be drawn off as ſtrong as it was poured on) 


when the ſalt of tartar, from which it is 


diſtilled, hath retained the ſulphureous parts 
of the ſpirit of wine, the reſt, which is in- 
co ly the greateſt part of the liquor, 
will turn to phlegm. 

Corroſive ſpirits, ſays Mr. Boy/e, abound 
* in water; which may be obſerved, by en- 
, tanglin and ſo fixing their ſaline parts, as to 
. e them corrode ſome proper body; or 
« elſe, oy mortifying them with ſome con- 
« trary ſalt, which will turn them into phlegm.” 
Boyle's 1 5 Chemiſt. 

All birds, beaſts, and fiſhes, inſects, 
trees and vegetables, with their ſeveral parts, 
; grow out of water, and watry tinctures and 
* ſalts; and by putrefaction, return again into 
« watry ſubſtances. Water, ſtanding a few 
days in the open air, yields a tinQure ; 
* which (like that of malt) b racing hogs, 
* yields a ſediment, and a ſpirit ; but before 
« putrefation, is fit nouriſhment for animals 
* and vegetables. And, among ſuch various 
and ftrange tranſmutations, why may not 
© nature change bodies into light, and light 
into bodies.” Newton's Optics, p. 349, 350. 

(e Archidex. 10. chap. 3. 

% Tho! Helment produces no inſtance of 
any mineral body, and ſcarce of any animal, 
8 of water ; yet a French chemiſt, M. 
de Noche. affords us an experiment, which, 
if it ſucceeded, -as he delivers it, is ve te 
'þ mar 


« *® >. a. _ a Ra 
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' Hence, the followers of Helmont acknowledge 


vegetable and ſenſitive, it need not ſeem in- 


The Theory of CunzwisTay, | 
and hence they affirm, that all bodies, being perfectly and radically refolved 


by the univerſal ſolvent, are at length reduced into elementary homogene- 
ous water; all their particular ſeminal virtue being aboliſhed (g). But this 
ſeems rather a traditionary notion than matter of experience; for after Moſes 


had faid, that the ſpirit of God brooded upon the waters in the firſt creation 


of all things, the antient Phenicians made water the principle of all things: 
the ſame doctrine was afterwards adopted by the Egyptians ; and from them, 
Wales brought it into Greece; from whence it ſpread among the chemiſts. 
— ſimple things, viz. 

perfectly pure water, and perfectly pure quickſilver ; whilſt they hold ſuch 
ickſilver to be produced from water, and reſolvable into it: and hence 

| wo hold water to be the univerſal nutriment, whereby all things are 


nouriſhed, and which can never be farther changed by art, but only by the # 


innate power of the created ſeeds. 
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„ | 
24. Another property of water is its mildneſs, or inoffenſive nature; this Ii milde. 


being ſo great, that when brought to the ſame temperature as the body in 
health, and applied to any part, of the moſt exquiſite feeling, it is ſo far Rom 
giving pain, that it ſcarce produces a ſenſation different from that of the natural 
healthy juices and organs: thus it gives no _ to the eye; nor proves 
diſagreeable, nor yields any odour, when ſnuffed up the noſtrils, where the 
nerves lie almoſt bare: even where the nerves are ſtretched by an inflamma- 
tion, and rendered extremely ſenſible of pain, warm water does not heighten 
it. The ſame holds true of ulcers, and if the nerves are eaten, or laid 
bare, by ulcerated cancers : where, if water be applied warm, it mitigates 
the pain; whereas, almoſt every thing elſe would increaſe it. Water has 
neither ſmell, taſte nor colour, nor renders itſelf ſenfible to the nerves: 
it is the mildeſt of all the parts of the animal fluids, not excepting oil 
itſelf, which, tho* mild, does not affect the nerves agreeably; and among 
all the principles, ſeparated by art from the animal fluids, water, when 
re, is the mildeſt: in ſhort, water ſufficiently manifeſts its want of acrimony, 
its diluting whatever is ſharp in the human body, and thus rendering it 
| innocent, 
markable. © Having, /ays be, found ſurpriſing credible ; ſince we find that our common 
things from the natural operation of water, water, which is often impregnated with va- 
* I was willing to know what might be done riety of ſeminal principles, long kept in a quiet 
wich it by art; I, therefore, took pure wa- place, will putrefy ; and then too, perhaps, 
* ter, and by a heat, artificial, continual and —— moſs and little worms, or other in- 
k — I prepared and diſpoſed it according to the nature of the ſeeds, that 
by coagulation, congelation, and fixation, were lurking in it. Boyle's ſcept. Chem. 
till it was turned into earth; and produced g Helmont affirms, that his alcaheſt ade- 
* animals, vegetables and minerals. The ani- quately reſolves plants, animals, and minerals, 


mals moved of themſelves, eat, c. and by into one liquor, or more, according to their 


the anatomy I made of them, I found them ſeveral internal differences of parts; and that 
© compoſed of much ſulphur, little mercury, the alcaheſt, being abſtra from theſe li- 
and leſs ſalt. The minerals began to grow quors, in the ſame weight, and with the ſame 
* and encreaſe, by converting into their own virtues as when it diſſolved them, the liquors 
nature one part of the earth, thereto diſ- may, by frequent cohobations from chalk, or 
* poſed; | ' | ly deprived 

poſed ; they were ſolid and heavy. . ſome other proper matter, be totally dep 

For the generation of living creatures, both of their ſeminal] endowments, and return at 

| laſt to their ürſt matter, inſipid water. 


Different. 
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innocent. If a dram of oilef vitriol was to be ſwallowed upon an 
ſtomach, it would corrode the mouth, gullet and parts adjacent; but if 
diluted with fix pints of water, it might thus be drank with ſafety. And 
the like holds in other caſes. Whence warm water is deſervedly eſteemed by 
phyficians an excellent anodyne z accordingly it ſtands recommended by 
Hippocrates, as a proper fomentation in violent pains, 

2g. The next property to be confider'd of water, is its er as a ol. 
vent; whereby it diſſolves certain bodies, and ſuſtains them in a fluid form, 


uniformly intermixed among its own particles. The bodies thus diſſolved 


by water, are the following; viz. Arſt, ſimple foſſil ſalts, both fluid and 
ſolid; as ſal· gem, ſea- ſalt, borax, nitre, ſal-ammoniac ; and, as Hoffman juſtly 
obſerves, the alcaline ſalt of mineral- waters. So again, it diſſolves the foflil 
acid falts, which ſeldom appear in a ſolid form, but commonly in that 
of a liquor; as the acid ſpirits of ſulphur, alum, and vitriol ; which three 
kinds of acids, when perfectly purified and rectified, ſcarcely differ from one 
another. It is indeed difficult totally to ſeparate water from theſe acids; and 
af this was done, they would immediately attract new water from the air, 


as ſtrongly as perfectly dry fixed alcaline ſalts: but if the water be well ſe⸗ 
parated from them, theſe acids may for ſome time be kept in the cold, 
in a ſolid, cryſtalline form; tho* they run by attracting the moiſture of the 


air, or upon the 1 of a little more heat, whereupon they diffolve 
like ice into a fluid. The other ſimple foſſil acids are ſpirit of nitre, and 
ſpirit of ſea-ſalt, which always remain fluid; becauſe The water cannot be 
— from them: they being ſo volatile as to fly off with the degree of 
heat requiſite to the ſeparation. All the abovementioned foſſil ſalts are diſ- 
ſolvable in water, after the manner juſt now intimated. 

26. But there are ſeveral remarkable differences in the manner of their 
ſolution; for, the acid ſalts, which uſually appear in a liquid form, are al- 
ready ſo diluted with their own water, as conſtantly to aiflblve in any quan- 
tity of water, tho ever ſo ſmall; thus, a pound of oil of vitriol may be 
8 diſſolved by a dram of water and the like holds true of all the 
fluid acid ſalts hitherto known. But the ſolid foſſil ſalts require a certain 

portion of water to diſſolve them; for, if too little be uſed, only a part 


of the dry ſalt will be diſſolved, and the other part remain ſolid ; but when 


theſe ſolid ſalts are once entirely diſſolved in their due proportion of water, 
then the ſalt, ſo diſſolved, may be farther diſſolved or diluted in any ſmaller 
or larger quantity of water. And this is a remarkable property; as the ſo- 


_ lution may thus be continued ad inſinitum; whilſt a proportionable part of 


the diſſolved falt ſhall always remain in the diſſolving water, 


27. Let it be here obſerved, that the more the water is ſhook with the alt 


to be diſſolved, the ſooner the ſolution is performed, and the more of the 
ſalt taken up, and vice vers4, So again, hot water performs the ſolution 


- 217mg and retains more ſalt thay cold; whence, Water, heated only to 
thirty two degrees, diſſolves the loweſt, and retains the leaſt quantity of 
falt z-whilſ that of two hundred and twelve degrees, being the boiling heat, 


ſuddenly diſſolves and copiouſſy retains the ſalt; and ſo in the intermediate 


| Proportions. Thus, if boiling-water has diſſolved as much falt as Ry, 


I 


l 
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and then be ſet to cool, it every moment lets fall ſome of the alt, till it 
comes to thirty two degrees of heat, when it will re dropt a large quan- 
tity of ſolid (alt; and if now expoſed to a freezing cold, it lets fall ſtill more, 
till in the ſharpeſt froſt of all, the ſalt will be almoſt totally excluded, and, 
as long as this degree of cold continues, ſtick undiſſolycd to the ice: but 
the firſt falt-water, which in the ſharpeſt froſt expelled the alt, that ſtill 
ſticks to the ice, will much ſooner melt, by reaſon of the falt, than the 
water would do, if pure. For, as the ſalt, mixed with the water, prevents its 
freezing, ſo ſoon as pure water; ſo in the ſame degree of heat, the ſalt ſtick- 
ing to the ice, makes it thaw z whereas, without this ſalt it would require many 
more degrees of heat, before it turned to water. Which remarkable property 
ſhews, that ſalts have a power of preventing the parts of water from con- 
creting into ice, by the interpoſition of their own particles: whence it is, 
that lea water freezes much flower than freſh, and requires a much greater 
degree of cold, for the purpoſe. 

27. The concretion of a ſalt, before diſſolved in water, is called cryſtalli- 
zation; which, therefore, muſt be performed by means of little water, reſt, 
and cold; for, theſe are the three requiſites of cryſtallization. _ 

28. Again, we find, that water acts, as a ſolvent, much quicker upon 
one ſalt than another; thus, ſal-gem is much ſooner diſſolved than borax. 
And the ſame water will diſſolve more of one ſalt than another: thus, the 
fame quantity of the ſame water diſſolves more ſal-gem than borax. Water 
alſo, when it has diſſolved, as much as it can of one ſalt, will yet diſſolve a 
large proportion of another, without letting the former fall. Thus, if water 
of a determinate heat, be fully ſaturated with ſal- gem, it will diſſolve a 
proportion of nitre, yet the ſal-gem remain diſſolved as before; and when 
faturated with theſe, it will yet diflolve ſome of another ſalt. Hence che- 
miſts and philoſophers have an opportunity of inquiring farther, than has 
hitherto been done, into the nature of water, as a ſolvent for theſe ſalts. 

29. Again, pure water diſſolves metallic or terreſtrial ſalts, ſuch as all the Compund 
vitriols made from metals diſſolved by acid ſalts z whether theſe acids be of Ml. 
the foſſil kind, as in vitriol and alum, or of the vegetable kind, as in ver- 
digreaſe. For, it is plain from chemical experiments, that all theſe vitriols 
are made by an acid ſalt, diſſolved in water, and a metal, diſſolved in a certain 
manner and a certain proportion, ſo as together to form a cryſtalline glebe ; 
and al -theſs ſubſtances are diſſolved in water after the manner above- 
mentioned, 

30, Water, likewiſe, has the power of diſſolving animal and vegetable iim au 
falts, both native and artificial; whether they be acid, auſtere, faline, al- _— 
caline, compound, ammonial, fixed, volatile, -half-fixed, fimple, or com- l. 
bined with oil 3 and this, whether obtained by fermentation, putrefaction, 
ot calcination : tho? it diſſolves them with. the differences above, mentioned, 
and tartar with more. difficulty — reſt. | Is 

31. To illuſtrate this general doctrine by, experiments; (1) Put an ounce Shows by er- 
of fair water into ghar phial, let fall into it four drops of rectified oil of perinen'. 

Vitriol, ſhake them together, and the liquor ill preſently F 
d in-all its. parts, () LAKE n SIE of refit, il * ph It 
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into it four drops of fair water, ſhake them together; and thus alſo, 
— the liquor will become equally acid throughout : whence it appears, 
that acid ſalts, being mixed, with more or leſs water, are fe: y di- 
vided thereby and united therewith. (3.) Put half an ounce of dry ſea-falt 
to an ounce of water, ſtir them together; and * of the ſalt will be di. 
ſolved, whilſt the other part remains undiſſolved at the bottom. (4). To 
a ſtrong brine of ſea-falt, add any quantity of fair water, and they will 
both be uniformly diſſolved. (5.) If the ſame experiments are made with 
nitre, ſal- gem, borax, ſal- ammoniac, ſalt of tartar, the alcaline volatile (alt 
of fal-ammoniac, alum, or vitriol, the effect will be the ſame, as in the third 
and fourth experiments: whence we ſee, that theſe falts always require a 
certain determinate proportion of water to diſſolve them perfectly; and can- 
not diſſolve ſolid ſalts but in a limited proportion. Obſerve, that all the 
falts uſed in theſe experiments are to be well dried, and reduced to fine 
powder. If acid falts could be deprived of all their water, it is probable 
that the parts, now united in a ſolid form, would require a certain deter- 
minate proportion of water and heat to render them fluid ; thus, highly 
rectified oil of vitriol frozen into ſolid cryſtals by cold, requires a certain 
proportion of water to prevent its eryſtallizing ; for, if diluted with water, 
it will not cryſtallize in the ſevereſt cold: and without the aſſiſtance of 
violent cold, we ſhall ſcarce meet with another inſtance of a pure acid ſalt 
in a ſolid form. Hence it is commonly ſuppoſed, that acids may always be 
diluted by a ſmall proportion of water; which, however, ſhould be under. 

ſtood with caution, according to what we have now ſeen. 
The proportion 22, To three ounces of pure diſtilled water pat nine drams of ſea-falt; 
4 e 7: if the water be ſuffered to reſt, the ſalt will diſſolve ſlowly, yet totally; but 
Live 2 if briſkly ſhook together, it will ſoon perfectly diſſolve: add the ſame quan- 
* - tity of (alt to the fame quantity of water, and apply the glaſs to the fire; 
| thus, the falt will diſſolve much ſooner than in the cold. To twelve ouncts 
of diſtilled water put five ounces of ſea-falt ; boil them together, and the 
ſalt will diſſolve: now add a little boiling water, that the weight of the min- 
N ture may be the ſame as at the firſt; thus, the ſalt will remain perfect!) 
| diſſolved in this degree of heat. Cover the veſſel cloſe, and ſet it to cool; in 
| cooling the ſalt will concrete, from the boiling point down to thirty-two de- 
_ grees, the brine being here made as ſtrong as poſſible, and dropping more and 
more ſalt every moment in the cooling : whence we learn, that water wil 
diſſolve a larger proportion of ſalt in ſummer than in winter; and more in 
warm climate than in a cold one. And fince putrefaction, ceteris paribu, 
n as the heat of the climate, more falt ſhould be uſed to prevent this ef. 
| feRt in a warm climate than in a cold one. Boiling water, therefore, dil 
ſolves as mich ſalt, as it poſſibly can; and near the point of freezing, 3 
little as it can: but when turned to ice, by a cold increafing to the fr 
degree of the thermometer, it has now thrown out ſome ſalt in every de. 
| of the increaſe, ſo as to retain very little in the ſtrongeſt 2 
cold: which ſhews, that there is a certain native force in the particles of 
water, whereby, with the affiſtance of heat, they may be ſo ſeparated from 
dne another, as to let particles of falt lodge in their interſtices 3 and vi 
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the heat decreaſes, and the water is left more to its own nature, its particles 
have a power of attracting one another ſo cloſely, as to leflen theſe interſtices; 
ſo as that ſalts can no longer lodge therein, but muſt be expelled from their 
places, as the water freezes Arpager +» Whence, again, it is plain, that the 
power, by which water diſſolves ſalts, depends in part upon the falt and the 
water, and in part upon the quantity of fire applied to both: whence I in- 
fer, that it cannot be determined, what 2 of ſalt is diſſolvable in 
water, unleſs at the ſame time it be preciſely aſcertained, what degree of 
heat was applied in the ſolution; for, it is certain, that water, unaſſiſted by 
heat, 1. e. ice, can diſſolve no ſalt gt all. But here it is remarkable, that 
ſalt, mixed with powdered ice, thaws it, and at the ſame time produces a 
great degree of cold as every where appears, but principally in Fabrenbeit's 
experiments, mentioned in our chapter of fire: whence it follows that ſalt 
las a power of heating the coldeft bodies ; and this, by expelling cold from 
them, into the adjacent parts, | 

33. Whilſt the thermometer ſtood at thirty-eight degrees, I took two 
ounces of pure dry ſea- ſalt, reduced to fine powder, and found it diſſolve 
in fix ounces and three drams of pure diſtilled rain · water; whereby I learnt 
that four parts of ſalt required thirteen of water to diſſolve it: an ounce 
of ſal· gem, prepared in like manner, took three ounces and two drams of 
the ſame water to diſſolve it; which again, is as four to thirteen: an ounce of 

dry ſal·ammoniac, reduced to powder, took three ounces and two 

drams of the ſame water to diſſolve it: nine drams of pure dry nitre, re- 
duced to powder, diſſolved in ſix ounces of the ſame water: half an ounce 
of dry borax required upwards of ten ounces of water to diſſolve it per- 
fectly: an ounce of alum diſſolved in fourteen ounces of water: an ounce of 
Epſom ſalt diſſolved in an ounce and two drams of water: an ounce of ſalt 
of tartar diſſolved in an ounce and half of water: three ounces of water diſ- 
ſolved half an ounce of tartarum vitriolatum, by long ſhaking : three ounces 
of water diſſolved a dram and half of the common green vitriol, by long 
ſhaking. Whence we ſee that different ſalts require a very different pro- 
portion of water to diſſolve them, and that ſome ſalts diſſolve quicker than 
others; thoſe, which ſpontaneouſly run in the open air, diſſolve very ſoon, 
and in a ſmall proportion of water; as ſeeming to be more attractive, and 
therefore more obſtinately retain their water over the fire: thus, ſalt of tartar, 
and oil of vitriol, cannot be deprived of their water without a ſtrong heat. 

34. In a faturated ſolution, made with three ounces and two drams of wa- 
ter to an ounce of ſea-ſalt, being the utmoſt it would take up, I put half a 
dam of nitre, and found it diſſolved: to another ſaturated ſolution, with 
fix ounces and + of water to an ounce of nitre, being the utmoſt it would 
retain, I put + an ounce of ſea-falt, and found it diſſolve perfectly; and 
thus brines made of ſea-ſalt, ſal- gem, ſal-ammoniac, nitre, and borax, may 
be perfectly mixed together. ä 

35. It is obſervable, that before metallic vitriols are diſſolved in water, 
they cannot be perfectly dried without changing their nature; and when diſ- 
ſolyed, they conſtantly let fall much ochre to the bottom: ſo that by re- 
peated ſolution and eryſtallization of vitriol in water, all the vitriol is at 
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length turned Into ochre, and an unctuous liquor, that cannot eaſily be dried: 
- whenee, the eaſier, the quicker, z1d with the leſs water, ſome falts are dic. 
folved, the ſtronger they ſeem to retain their water. There is alſo ſomething 
particular. in the ſolution of metals by water: for, certain falts are required 
to diffolve them; and when they are diſſolved into cryſtals of vitriol, they 
then eafily and perfectly diſſolve in water, ſo long as theſe cryſtals retain 
the falt, which is the ſolvent to the metal; but when this ſaline ſolvent i; 
wanting in the vitriols, water will ſcarce diſſolve them at all, but ſuffers the 
metallic matter to precipitate z but when the metal is previouſly diſſolved 
by its own folvent falt, it readily yields to water, and may thus by x 
gentle exhalation be reduced to cryſtals; wherein the metal, its ſolvent, 
and pute water, always concur in a certain proportion. By which method, 
metals are rendered potable ; and act in the body according to the nature 
of the acid which diſſolved the metal, and fil! adheres thereto; as well 
as according to the nature of the metal itſelf, which in each metal is pe- 
culiar; fo that the action of vitriols depends upon theſe two An 
united with water: and of this kind are the vitriols of gold, lead, filver, 
copper, iron, and tin. | 
Water dots 36. But this rule does not extend to all the ſemi-metals, which, tho 
_ 221 firſt diffolved in their acid ſolvents, ſo as to appear in a ſaline form, can- 
an. © hot therefore be diluted with water, like the ſalts of true metals, Thus, pure 
regulus of antimony perfectiy diffolved in the rectify'd fpirit of ſea- ſalt, ad- 
hering to the mercury ſublimate in the diftillation of butter of antimo- 
ny: is a true vitriolic falt, made by the regulus diſſolved in ſpirit of ſea- 
ſalt: whence one might ſuſpect that this butter would diſſolve in water; 
but on the contrary, as foon as water touches it, the acid folvent quits 
the regulus, mixes with the water, and lets fall the metallic cahk entre: 
whence the general rule 1s to be limited, or not extended beyond its proper 
. "= bounds. | | 
Diffebves al-. 37. Water diſſolves alcohol, tho* not ſpontaneouſly, but by being ſhook 
porcine, oy therewith ; for, otherwiſe water, being gently poured into alcohol, paſſes 
mented e. thro? it to the bottom, the alcohol floating at the top; nor does the water 
diſſolve it gong little ſhaking, but it ftill remains diſperſẽd in unctuous 
veins thro? the body of the water; tho* by continued ſhaking they per- 
fectly unite? as alcohol, therefore, is a pure vegetable oil, produced by 2 
perfect fermentation, its nature is thus changed, ſo as not only to burn in 
the fire, but to mix with water. Whence we learn, that oils themſelves, 
being thus changed, may perfectly unite with water; but the ſooner aud 
the cafier, if they be firſt previouſly diffolved with a proportion of water: 
| for, common brandy mixes eafter than pure alcohol with water. 
Water - 38. But it is to be remarked, that water, perfectly ſaturated with diſſolved 
turated with ſalts, cannot be mixed with alcohol, tho? ever ſo violently ſhook together; 
r 8 but on the contrary, they repel each other more ftrongly than any other 
4. known liquors. Thus if oil of tartar per Aeliguium, put to pure alkohol, 
be ever ſo violently ſhook together, they immediately ſeparate upon ftand- 
ing ; the alcohol totally Tifing to the top, and the other falling to the bottom 
and even boiling will not make them unite in zry meaſure, -4 
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39. But here we are to obſerve, that if water be ſaturated with a falt Vater is 
that eaſily ſeparates from it, alcohol will diſſolve the water, and the ſalt 4 qo 
fall to the bottom. Thus, if to a ſaturated ſolution of Ep/om ſalt in water, 1 ; 
alcohol be poured, and the veflel ſhook, the mixture will grow opake, white, che fal. 
turbid, and let fall the ſalt in little cryſtals. So again, in making the ofa 
Helmontii, where water is ſaturated with the alcaline volatile falt of ſal am- 
moniac, if an equal quantity of pure cold alcohol be added, and the liquors 


be ſhook together, they inſtantly form a white, ſolid maſs ; from whence a a 


little water, that was attracted by the alcohol, is ſoon afterwards ſeparated. 


Water has alſo this remarkable property, that if mixed with alcohol, Pater 4&/- * 
e a diſtilled oil is diſſolved, it 29 the oil from the alcohol. — 8 M 
Thus, if oil of cinnamon be diſſolved in pure alcohol, and water be let fall in and da- 
into this ſolution, the mixture preſently becomes white and opake, the? it lire. 
was perfectly pellucid before, and the oil ſeparates, and gathers together: 
whence it appears, that water unfits alcohol for diſſolving theſe oils ; that 
alcohol eaſier unites with water than with them; and laſtly, that the oils, . ' 
diſſolved in alcohol, fill remain oils, tho* at the time they do not appear 
as oil, but ſpirit. | | 

41. Roſins alſo totally diflolve in alcohol: but if water be added to the ſo- Refins- 7. 
lution, the liquor immediately becomes white, and the roſin is reſtored. The 
roſin, thus once diſſolved in alcohol and precipitated by water, may be diſ- 
ſolved again, and precipitated as before, ſo often as one pleaſes; as I have 
larnt by numerous repeated ſolutions in the roſin of ſeammony. Camphire . - 
has been eſteemed a ſpecies of rofin, but no other roſin will totally ſublime - 
in a dry form, and without ſuffering a change in its parts; in which reſpect, 
therefore, this differs from all other roſins : yet it perfectly diſſolves in aleo- 
hol, as other roſins do, and by the addition of water is perfectly recoverable - 
from thence in the form of true ſolid camphire.- Hence, therefore, we ſee; - 
that water attracts ſalt. of tartar ſtronger than it does alcohol; and attrafts ; 
alcohol ſtronger than that attracts oils, roſins, and camphire. | 

42. Again, water perfectly diflolyes all ſaponaceous bodies, whether na- Diſalvrr ſa- * 
tural or artificial, fixed or volatile; for, all ſoaps are an intimate mixture fonaceous be - 
of oil and alcaline ſalt, ſo as to diſſolve in water uniformly, without ma- 
nifeiting any ſigns of the oil and falt ſeparately, And it is a peculiar pro- 
perty of theſe ſoaps, that, when intimately mixed with oils or unctuous bo- - 
dies, roſins or roſinous bodies, n bodies, gummy-rofins, and 
tenacious bodies compoſed of theſe, they render them miſcible with water, , 
and thus dilute and waſh them away: fo that water not un diffolves true 
ſoaps, but alſo by the admixture of ſoap acquires a power of diffolving fuch 
things, as water would not diſſolve: whence the power of water, as a fol- - 
vent, is greatly increaſed by ſoap. 

43. But to render oils miſcible with water, is a more laborious ſecret, Aud at. 
Which artiſts uſually conceal ; but if an eſſential oil be long and properly mop hf 
digeſted with pure alcohol, and intimately united therewith by repeated 
diſtillation, a conſiderable part of the oil will be ſo attenuated and united 
to theialeohol, as that both together be mixed with water, fo as to 
afford a noble remedy for recruiting the ſpirits, and ſcarce to be equalled by , 
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the air were few; yet that great length 
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any other contrivance; as by its acquired ſubtilty and penetrating virtue it 
is thus rendered capable of infinuating itſelf into, and acting throughout the 
whole frame of the body. 

44. It would ſcarce be ſuſpected, that water diſſolved air, unleſs we had 
proved it in our chapter of air; tho“ it does this only in a certain degree 
and manner, whilſt the air, thus diſſolved and lodged in the interſtices of 
the water, is no longer air in the ſenſe it was before: hence, in this re. 
ſpe&, water diſſolves air, as it does ſalts, i. e. ſo that the ſingle particles re. 
main in the interſtices of the water ; but as ſoon as all the air is ſeparated 
from the water by froſt, by taking off the weight of the atmoſphere, by 
fire, the ſun, or the admixture of any other bodies, immediately as much 
other air is imbibed by the ſame water, as was diſcharged. 

45. Laſtly, water may, ſecondatily, diſſolve many terreſtrial bodies, which 


rial bodies of themſelves would not diſſolve therein; thus the ſhells of ſhell-fiſh, ſnails, 
repared. crabs-eyes, the bones, and ſtony concretions of animals, Ge. being firſt diſ- 


ſolved in their proper ſolvents, may afterwards be totally diſſolved in water; 
the ſame may be {aid of chalk, coral, pearls, mother-of-pearl, calcined ſtones, 
flint, Ec. 4 
46. It may be difficult to aſſign the limits of the diffolving power of water, 
for want of having it perfectly pure, without the leaſt admixture of ſalt ; as 
my things may be diſſolved by the latent virtue of ſalts, that are unjuſtly 
attributed to the power of water alone: this difficulty attends metals in par- 
ticular ; as iron, watered with pure rain, turns to ruſt, and copper to verdi- 
. Langelotte aſſerts, that gold may be totally diſſolved by bare tritura- 
tion ; and Homberg declares, that all the metals, even gold itſelf, may be 


perfectly diſſolved, rendered potable and medicinal, by a long continued 
' triture with fair water; but as theſe triturations were performed in laborato- 


ries, where the air was impregnated with all kinds of volatile ſalts, I have 
ſuſpected, that theſe ſolutions were owing to ſuch falts ; the rather, becauſe 
the triturations were continued for months mp: ſo that tho' the ſalts in 

of time might give them ſuffi- 
cient opportunity. - The ancient Hermetic philoſophers allowed indeed, that 


all things proceeded from and were reſolvable into water, as if this was the 


univ menſtruum; but they have not delivered the experiments upon 
which they build this doctrine. Water does not diſſolve earth, freed 
from all adhering ſalt or ſulphur; it does not diſſolve glaſs, cryſtals, gems, 
nor the perfectly ſimple ſtones nor bodies, chiefly compoſed of theſe. Whence 
we infer, that water is not an-univerſal ſolvent, but that its power is reſtrained 
to the bodies above-enumerated. 


Tnfnuates into 47. After ſeeing theſe properties of water, it is eaſy to underſtand, that it 
2 may readily inſinuate itſelf into the inviſible and extremely ſmall pores of 
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numerous compound bodies; for being ponderous, and conſiſting of very 
fine parts, their great lubricity and ſeparability will cauſe it to enter eaſily 
into the ſmalleſt ſpaces : then again, its great diſſolving power, with reſpect 
to ſo many bodies, enables it, in numerous caſes, to blen or waſh away 
the matter that obſtructs their pores, and thus gain entrance; and this 


the rather, as its ultimate cles are ſolid and unchangeable: 1 — 
| | y 
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they have alſo a mechanical power of diflolving ; beſides the particular ane, 
ariſing from their contractile and ſive force. 1 
48. When water therefore, by this means inſinuates itſelf into the ſmall 
pores of ſuch bodies, and thence penetrates their whole ſubſtance, it muſt 
needs increaſe their weight by the addition of its own ſubſtance; which in 
ſome caſes is very conſiderable, where the bodies attract ſtrongly, as almoſt 
all ſalts do; eſpecially, the fixed alcaline kind; as likewiſe ſoaps and many 
ſolid bodies. So that, merchants ſell many of their commodities to advantage, 
by weight in a moiſt cold ſeaſon, which they had bought in a warm and 
one. Chemiſts, in like manner, have been deceived by aſcribin t 
increaſes and decreaſes in the weight of bodies to wrong cauſes, whilſt the 
effect was intirely owing to the water inherent in them. 
49. But whilſt water thus increaſes the weight of bodies, it alſo ex 
them; for it acts not barely by filling up the vacuities, but alſo by dilating 
the ſolid particles of bodies, or ſetting them farther afunder ; as we learn by 
numerous 35 gar rh and particularly by that curiqus one of the academy 
del Cimento (H), which, becauſe the book is ſcarce, we will here relate. 
50. They procured two cones to be made, one of ſteel AB, which was Ser plate 3. 
ſolid and divided into a ſcale ; the other of wood, which was hollowed, . 2. 
ſo that when dry, its internal cavity exactly fitted the external ſurface of the 
ſteel one A B: but this hollow cone of wood, being plunged into water and 
penetrated thereby, ſwelled ſo, internally, that the ſteel cone A B could not 
now enter its cavity. Again, the cone of wood CD, which when dry ex- 
ay fitted into another hollow cone, being moiftned with water, ſwelled - 
ſo, externally, as not to enter the cone it entered before: whence we have 
an ocular, mechanical demonſtration, that wood penetrated by water, is ex- 
panded in all its dimenſions z and hence, ſurpriſing effects may ariſe from 
water infinuating itſelf into dry bodies. | 
51. When once water is intimately mixed with other bodies, far removed Concrete: 
from an aqueous nature, it may concrete with them in a ſurpriſing manner; 2 joe 
ſo that one would not ſuſpe& water to be in them: thus, for example, if; 
three pounds of ſea · ſalt be decrepitated, and almoſt fuſed, then reduced to 
powder, and mixed with thrice its —__ of bole, it will by diſtillation in 
a ſtrong fire, afford ſome ounces of a ſtrong ſpirit of ſea-falt, which after 
M. Homberg's method, may be ſeparated into water and acid ſalt, by means. 
of chalk, which concentrates the acid, Thus, a kind of elementary water may 
be obtained from ſalt, after the higheſt degree of calcination might well be 
thought to have ſeparated all water from it; but, it ſeems, that the water 
here was ſo cloſely united to the particles of the ſalt, as not to be ſeparated 
but by the utmoſt violence of fire. The like holds true alſo, of ſal gem, 
ing-falt, and nitre: even alum and vitriol, reduced to perfectly dry pow- 
ers by calcination, yield acid ſpirits upon diſtillation, which may after-. 
_—_ ſeparated into, a large proportion of water, and a ſmall one of 
4 | 
52. Dry ſulphur contains much water; for, in burning it yields an acid With f/pbur.. 
t, which may be ſeparated into pure water and an acid like rectified oil 


(+) Experiment 184. 
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+ of vitniol : conſequently, the acid, which when united to a vegetable oil 
makes ſulphur, contains true water, that enters the compoſition of ſulphur ; 
' ſo that the perfectly dry and combuſtible body of fulphur, has water for a 
-- conſtituent principle. 1 acknowledge that the water concealed in ol. ſulpb. 
Per campanam, may in part prone from the air whilſt the fulphnr is burn. 
ing; becauſe more ſpirit is obtained by this operation in a moiſt air. At 
the — time we ſee, that oil of vitriol and of ſulphur conſtantly contain 
water z and, therefore, ſince oil of vitriol enters the compoſition of ul. 

phur, water alſo muſt enter, Whence we infer, that water enters the com- 

fition of all ſulphurs and ſalts, lies concealed in them, and may be thence 
rced out. 

With ter- 53. It feems more improbable, that the ſoft and fluid body of water 

refirial bodies. ſhould enter the compoſition of the hardeſt and dryeft bodies, and adhere 

{> ſtrongly to them as to manifeſt no ſigns of its being there, nor be ſe- 
E om them, till forced away by extreme violence of fire; tho? even 
y 


% 


this means, we cannot be aſſured that all the water is driven from them: 
for, the ultimate particles of water, being ſolid, ponderous, incompreflible, 
and immutable, and having once firmly fixed themſelves in other bodies, 
are ſo riveted thereto, as ſcarce to be ſeparated again by any art or force. 
This peculiar property of water we have already confidered, at our entrance 
upon the preſent chapter; where we ſaw how univerſally it contributes in 
nearly all the works of nature: we next proceed to ſhew, that the hardeſt - 
and moſt ponderous bodies principally owe the coheſion of their parts to 
water alone, which here acts as the ſtrongeſt glew in nature. 
54. When alabaſter is calcined to a lime, it becomes a light, ſoft and 
ine powder; but if mixed with a proper quantity of water into a ſoft paſte, 
it immediately acquires a ſtony hardneſs, and with difficulty lets go its 
water: ſo potter's clay, being baked and reduced to an impalpable, looſe 
powder, then mixed with water into a paſte, and baked in a potter's kiln, 
it thus makes pottery, of a ſtony hardneſs, capable of holding water: un- 
derſtand the like of lime-ſtone, and the ſhells of fiſh. Sand and lime will 
not ſtick: together, but with water they make mortar, wherein bricks being 
laid, it will laſt for ages; as we ſee in buildings: ſo in the making of gleus 
from. ſtarch, meal, animal-Kins, and fiſh, water is a neceſſary ingredient, 
All theſe inſtances conſidered, the chemiſts ſeem to have been right in affert- 
ing, that water concretes with the hardeſt bodies. This with me is 3 
22 and grand property of water, that deſerves to be well conſidered 
by chemiſts ho would have ſuſpected that water ſhould concrete with 
the primary particles of bodies, connect them with one another, and thus 
Me ge Pg eee erb 0 FAY 
With the folia 355. Again, it appears that the dryeſt and hardeſt. of animals, as 
parts 2 hair, nails, horns, teeth, bones, ivory, Cc. acquire Deke requiſite hardneſs 
mats. by the acceſſion of water; for, if any of theſe ſubſtances, tho kept ſo long 
as to become extremely dry, be diſtilled in a glaſs retort, with a violent 
fire, their greateſt part will prove to be volatile, and only a ſmall 
remain fixed: but the volatile part is almoſt totally liquid, except the alt, 
and ſeparates into oil, falt, and a large proportion of water; which — 
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that water was intimately united with theſe hard ſubſtances, and helped to | 
conſolidate them ; for, when all water is ſeparated from them by the force 
of fire, nothing but looſe aſhes remain behind, or a brittle ſubſtance, eaſily 
converted, by triture, into a looſe powder; eſpecially after theſe ſubſtances, 
that were left black in the retort, are calcined to whiteneſs in an open fire: 
and if an entire bone be calcined to whitenefs, fo as to appear brittle and 
crumbly, and then be plunged into water, it attracts the water into itſelf, with 
a liſſing noiſe, and thusrecovers its loft weight, and former hardneſs, and co- 
hefion of parts. Hence we infer, that water, tho' it does not afford the 
ultimate matter in producing the ſolid parts of animals, yet ſerves as a ce- 
ment in ſticking the parts together; making a portion of the concrete ; and 
adding to its buſt. 
56. One would not eafily imagine, that water conſtitutes the largeſt part ithoils, a 
of oils; yet M. Homberg has ſhe wn, by careful experiments, that diſtilled oils, 4/0%94 
by a chemical analyſis, reſolve chiefly into pure water (7) ; and pure alcohol 
is faid by Helmont to have had one half of itfelf converted into elementary 
water by the attraction of ſalt of tattar : thus much is certain, that in burn- 
155 alcohol Thews it contains much water; as we ſaw in the chapter of fire. 
Hence it is plain, that water is largely diffuſed thro* many kinds of bodies, and 
concretes y wih them. | 


57. But we are not hence to conclude, that water is the only ſubſtance 4 Boie pre- 


from which all ſenfible bodies ariſe. Some eminent chemiſts have aſſerteti C not from 
that water, purify'd and hardened by long froft, is condenſed into rotk- 
cryſtal ; and pretend that this is found true, in the frozen mountains of 
Swilxerland tòwards the north, where ice, never thawing, is ſaid to be thus 
tanſmuted (X). But it has been found that water, rendered colder by forty 
grees than it is ever naturally found, will prefently thaw ; nor could this 
cold ever contract and condenſe water fo as to give it the weight and den- 
fity of cryſtal, much leſs the ſolidity of the diamond: whence it is by no 
means probable, that precious ſtones ſhould ever be formed from frozen and 
condenſed water; but gems, like all other bodies, rather grow from their 
own peculiar ſeed. Tho? the Lord Bacon, therefore, affirms, that there is no 
nutrition without water, and that no ſubſtance could grow without it, yet this 
holds principally true of vegetables and animals; whilſt the contrary obtains - 
in metals: unleſs by water we ſhould here underſtand mercury; for, the adepts 
commonly call quickſilver, the metallic water, or fimply-water, or their own - 
ſea: tho? it ſeems ſcarce credible, that water can be rendered fourteen times 
heavier than it is, But in animals and vegetables, water truly conſtitutes ; a 
krge part of their aliment, and intimately, connects their conſtituent particles 
together; ſo that in a great meaſure they conſiſt of mere tranſmuted water: 
yet it has hitherto been ſhewn by no juſt experiment, that water alone can 
ford all the parts of theſe bodies; notwithſtanding Helmon!”s 1 : 
: flint nouriſhed by water, and Mr. BHs, of plants increafing"theirweight - 
y watering, | | | | 
58. It 1 been found by a carefu 1 moat water is the principal ve- 
whereby the „„ of and vegetables W BY \ 
. | nn ; | an 
(i) See Hiſt. Acad: reg. ſew * 0) Ses 'Parace/ſm and the Academy 4 
Hamel Hip, al ſe. _ 9 * — | we 
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and diſtributed ; and that the water itſelf is not a real nutritious matter; bu: 
-\mpregnated with, various heterogeneous particles: for, the pureſt rain is al. 
ways full of vegetable particles. All water, the more impregnated it is with 
unctuous, earthy. particles, the greater weight it adds, in the ſame time, to 
the vegetable it waters; whil& the greateſt part of the mere water, which 
enters plants, ſoon exhales from them again; at the ſame time that the 
fat earthy particles, mixed with the water, are conſumed in the vegetation of 
the plant; as Dr. Y/oodward has ſhewn by careful experiments (!). It is how. 
ever plain, that water in ſome ſort intimately unites with the ſolid parts of 
bodies, and concretes with them into the ſame maſs; ſo as not only to ſerve 
as a vehicle, but enters as a conſtituent part of vegetables and animals, 
Whence the ancient chemiſts called water the univerſal wine, drank of by all 


vegetables, animals, and minerals; and in this ſenſe we may properly ſay 


- 


that all things praceed from water, | 

359. There are ſame bodies that repel water, without cauſing any motion in 
its on ſubſtance; and the like property is found in ſome fluids, as well as 
ſome ſolids; thus oils repel and do not mix with water, tho' ſhook together, 
but ſeparate from it, and collect themſelves into ſpherical or ſpheroidical 
drops, driving the water from them in the ſhorteſt poſſible way : balſams 
and rofins, melted by a gentle fire, have the like 3 with this dif- 
ference, that the more ſubtile the oil, or unctuous body is, the leſs it repels 
the water, and vice versd; ſo that becoming extremely thin, ſuch bodies may 
intimately mix and unite with water. 


50. Some ſolids alſo repel water; eſpecially, the more ſolid ones, that take 


a fine poliſh ; as alſo the hair of animals, the feathers of birds, ſpiders-webs, 
filk-worms-neſts, c. on the external ſurface whereof, an unQuous cruſt is 
lodged, participating of the nature of oil, on which account they - repel wa- 
ter; for, if deprived of this unctuouſneſs, by being boiled in a ſharp lixivium, 
they do not repel it ſo much: but a well-poliſhed ſurface is here alone ſuff- 
cient; as we ſee in poliſhed metalline plates, which water will not tick to, 
but roll off from; whereas, when rough or ſcratched, the water adheres to 
them. Ivory and bone, when their ſurface is unpolifhed, imbibe water; but 
When poliſhed, repel it: this indeed may be owing to the pores being filled 
up in the poliſhing ; and hence perhaps it is, that the ſoft bodies of fiſh are 
covered over with poliſhed ſcales, and well defended with a ſubcutaneous 
fat to ſecure them againſt the water, in which they live, and by which they 
might otherwiſe be ſoon diſſolved; for, after death, their ſcales being te- 
laxed, and the unctuous matter failing, the water ſoon diſſolyes their 


n een 
61. Having thus conſidered the general properties of water, we next 
proceed to the various kinds thereof; and firſt, let us conſider the nature 
of rain -water, which we may call the lixivium of the atmoſphere, as con- 
taining all kinds of particles, which float in the air: and what theſe are, may 
be found in the preceding hiſtory of the atmoſphere; where we have ſhewn, 
that all kinds bf volatile bodies abound therein. Now, bodies become volatile 
either ſpontaneouſly, or by means of fire, fermentation, n. che 
anda) WR T2 - naritiot 
- (1) See Philo). Tr ana. NS. 253. p. 193. (m) See 42. Lip/. 87. p. 160, Perault 
Je Philef, Ir aas. Ns. 253. P. 193 it = 7. P 
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ſeparation and efferveſcence. Whence ſalts, ſpirits, oils, ſoaps, and even 
metals themſelves, may ſometimes lodge in the air, according to the dif- 
ference of the cauſes. which excite them; and theſe are principally the ſun, 
and ſubterraneous, culinary. or mechanical fires, uſed by artificers z whence rain 
may greatly differ from itſelf ; and again with reſpect to the foil, from 
which the matter of rain is raiſed. So likewiſe rain may be very different, 
according to the different-ſeaſons of the year: thus, the rain in ſpring, ſum- 
mer, autumn, and winter differs in its ſubſtance and effects. For example, 
rain · water collected in the ſpring, is the fitteſt for fermentation ; as being 
impregnated with ſuch effluvia of the earth as were bound up in the winter, 
and are now reſolved by a genial warmth, diſperſed thro' the air, and 
mixed among the rain. So 1 different ſtates of the atmoſphere greatly 
alter the nature of the rain; thus what falls after a long drought, is very 
different from that which falls at the end of\a long rainy ſeaſon. The 
meteors alſo. here occafion a great difference; thus the water of a thunder- 
ſtorm, greatly differs from other water. Again, winds carry the water of 
the air from one place to another, and along with it the exhalations of 
different and very diſtant parts of the earth; which exhalations may thus 
be / variouſly, mixed in with the water of rain from different quarters; 
and ſometimes. form an unuſual compound, ſo as to occaſion great fertility, 
Fc. We learn by frequent obſervation, that the rain falling in a hot ſeaſon, 
being received in clean veſſels, and kept for ſome time, will putrefy; but 
I know not whether rain - water has ever been obſerved to grow acid: for 
my own part, I never found it do ſo; but when it putrefies, it may eaſily be 
corrected, ſo as to become potable and wholeſome viz. by boiling it, which 
kills the animalcula it contained; then ſuffering it to ſubſide, and adding 
a little pure acid to what is decanted. And it has been uſefully obſerved 
80 the æquator, and within the tropics, where the waters putrefy moſt 

bominably, and generate worms, that the health of the ſailors may be 
preſerved by this treatment of the water: tho? a ſmall proportion of ſpirit of 
vitriol would here preſerve water from putrefying and breeding worms; and 
this without rendering it unwholeſome. Experiments purpoſely made upon 
ain · water could never bring it to ferment; ſo as to afford inflammable / 
ſpirits by diſtillation and, I have found by experiment that rain-water, 
collected in a high and clean place, and preſerved in pure veſſels, abounded 
with little ſeeds that produced a fine green kind of water- weed: for upon 
keeping ſuch water in clean glaſſes, 1 diſcovered that ſmall green ſpecks 
firſt appeared and grew gradually larger; when at length being examined 
by the microſcope, I found it to be a. true weed. If it be ſaid, that theſe 
ell into the water from the air, this does not alter the caſe; for, thus 
alſo they may be contained in rain, which falls through: the air. So likewiſe 
the invifible ſeeds of moſſes, diſperſed in rain, occafion the appearance of 
ttle plants in the water; but what grows moſt copiouſly herein, is a mu- 
cilaginous, or ropy ſubſtance, as it appears to the naked eye; but When 
viewed through a microſcope, reſembles a grove of little muſhrooms, Iheſe 
aue the principal native plants of water, and which ſcarce any care can 
Prevent from growing therein; tho they appear more at one time of the 
N n n 2 | year 
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collected in the ſpring or ſimmer, is-found to be full 


The Theory of Cuenret nr. 
another, and thus affect the wutet di Rain- Water allo, 
the eggs of minute 
animals; Which appear to hatch therein, and may be ſeen by the microſcope, 
ially after the water has ſtood long expoſed to the fun and the open dir: 
numbers of them appear in a ſingle drop of ſuch water, may be learnt 


from Leeuwenboets Obſervations. 


How obtain- 
ed pure. 


-62, The pureſt rain-water, therefore, from hence uppears to be no homo- 
genedus flaid'; but nothing is ſtranger to me than that, when kept in 
a cloſe veſſel, it ſhould ſo ſoon generate little white clouds, which gradually 
grow lurger, more numerous and more opake; and theſe _— 
into u ſlimy ſubſtanee, turn the whole water 'ropy z whence at length it 
depofites a feculent matter, changes its colour; taſte and odour, and thus 
grows thick; vapid; muſty and diſagreeable; This is the nature of pure 
rain- water, which therefore is fur removed from a perfect ſimplicity, as be- 
. — to ſo much foulneſs; and yet this water is eſteemed the li 
of all waters, atid truly diſtilled by nature, as being raiſed from the ſurface of 
the earth by the mild heat of the air; and, being tuiſed mueh highertherein than 
any chemital diſtillation could carry it, tis returned back again without par- 
taleing of the foulneſs of any veſſel: To that ehemiſts can ſearce any way ob- 
tain by their Miſtillations, a purer water than nature thus commonly affords 
it ; as may eaſſly appear from a conſideration of the water which chemiſts 
diſtil, the veſſels and the fire! they uſe, the ſmall height of the diſtilling 
veſſelz, and the air wherein the operation is performed: all which being 
confidered, tis no wonder I ſnould have found, by careful experiments, that 
diſtined rain water is not-lighter than the natural, but hydroſtatically the 
ſame; Snow-water is found to be the lighteſt of all rain- waters (v); and 
therefore ſnow - water, received at a great height from the earth, is the purer 
or freer from groſs and ponderous parts: if a long · eontinued, ſharp froſt 
ſhall, at a great height, convert water to ſnow, after a long: continued, clear 
and dry ſeaſon, the ſnow, thus formed, will be of the pureſt kind; eſpe- 
cially, if no wind has diſturbed the air, or intermixed any foreign volatile 
penis with it. Thus, if, in theſe cireumſtances, ſnow ſhould fall upon a 

n, fandy mountain, in a deſart far remote from any place inhabited by 


men, and the ſnow ſhould lie deep; if the upper part be now carefully col 


lected, it will thus be obtained as pure as poſſible ; for, it will ſcarce contain 
ſalt, oil or other foreign ſubſtance : fo that water procured by melting this 


ſhow, will greatly differ from all other water, and be extremely pure, un. 


ble, or capable of being kept for years, as an excellent remedy 

inſammations of the eyes. The ancient alchemiſts have faid, that from 
ſuch ſhow there may, by a ſeeret art, be obtained a very red ſubſtance, 
that by the force of ſire may lie intimately buried and concealed therein. 
This ſnow, falling for ages upon the ſame ſpot, is, by Olaus Rndbeckins (0), 
aid to leave a thin craft behind it; which, increaſing in time to a ſenſible 
ſtratum, renders the earth extremely fruitful. And fo much for the 

of obtaining the pureſt water poſſible. | 67 155 
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63. This water, being lon ſted, putrefies and grows fetid; and 
aiſtlintion affords an oily mint wie degree inflammable ; but if di 41 
putreſied, diſtilled and concentrated, it yields a fragrant ſpirit, that Hen 
diſſolves the body of gold (p): if contained in caſſts, and putrefied by hea 
between the tropics, it afterwards loſes its bad ſtent, and becomes clear a- 
in by reſt (Y). That rain is the moſt impure which falls in a hot, windy 
eaſon, near great cities, which ſtand Jo, and abotind with the fetid exhala- 
tions of animals and bles 3 eſpecially, if the air be thick; fo | 
and fetid, ſo as to affect the noſtrils and the lungs by its noxious vapouts, 
which — appear and diſappear without any manifeſt cauſe. We 
have found by experience, after long continued droughts and heats, if thun- 
der-ſtorms have followed, the rain, that falls heavy at this time, being re- 
ceived in clean veſſels, yields a froth, which ſeems to contain ſomething of 4 
fine nitrous ſalt; and when it falls in ſtormy whitlwinds, it has ſometimes 
been found fetid, and the eloths wet with it have in 24 hours after been full 
of worms (+). Whence we may underſtand the cauſe of the earth's fertility z 
as fuch rain contains a ſubtile matter, capable of affording particles to nouriſh 
the ſolids and fluids of vegetables; at the fame time acting as a proper ve+ 
hiels to convey whatever is requiſite for their nutrition. a 
64. If the ſnow- water, collected as above; be once diſtilled with a 
heat, in clean and tall veſſels, it may be eſteemed perfeAly pure; eſpecially, 
if the operation is performed in a clean place, free from all ſmoke and odour. 
And this, of all the ways I have tried, is the beſt for obtaining pure water: tho 
ſome for the purpoſe, I know, draw it over gently from fixed alkaline ſalts, 
to hold back the acid, oily and earthy particles; but the alkali thus'commu- 
nicates ſomething lixivious to the water: hence others, in the ſame view, 
diſtil it fram-ſal-gom, ſea · ſalt, nitre, Ec. But the water thus diſtilled is always 
impregnated with ſomething foreign; and tho” it be ſucceflively dra wn off 
from- different ſubſtances, as acids, alkali's and neutrals, *tis not thus ren- 
dered the : and when the pureſt water boils over the fire, it ſtill re- 
tains its diſploding virtue above deſcribed ; and this tho? it be ſeveral times 


65. We now proceed to'enumerate ſome marks in the pureſt ditilled rain- Mari: f pure 


with other waters leſs pure, an opake whiteneſs immediately ariſes, tho both ©” 
of them were perfectly Fimpid before their mixture: and if fine ſoap be diſſol- 

ved in this pureſt diſtilled water, it mixes uniformly without curdling; 
Whereas it curdles with the waters leſs pure. So again, perfectly pure water, 
thrown upon wax, or ſprinkled upon linen to be whitened, gives them a per- 
fect whiteneſs; but Flo ater be impure, it leaves them leſs white: it grows 
hot and cold ſooner than other water, and is never improved by boiling. 
Pure gold and ſilver, being melted ſeparately or — 7 and poured into 


this pure water whilſt cold, paſs quietly thro? it, and are found granulated 
at the bottom: but iron, tin and lead, melted, and poured into water, enter it 
vie « valet explove motion, ad ina ih Ay frm i like ht n 
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water, hereby to diſtinguiſh it from other kinds: and firſt, upon mixing illad we- 
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dangerous manner: and copper, treated in this way, explodes with the vio- 

lence of gun- powder; of which there are terrible examples. This wonder- 

ful property of water ſeems to me unexplicable upon any knovn principle. 

Pure, ſimple rain - water may, in a proper ſenſe, be eſteemed the mercury of 

animals and vegetables; as being not unlike quickſilver in ſimplicity, and, ac- 
cording to Helmont, the firſt principle from whence all things proceed, and 

into which they are ultimately reſolvabbtvggngngz | 
Spring-water« 66. All ſpring-water ariſes from rain, raiſed by heat from the , ſurface of 
the terraqueous globe into the air; which thus abounding, with water, and 

impinging by night againſt the cold ſides of high and extended mountains, 

the watery vapours are here condenſed into drops, after the manner of 

diſtillation : whence proceed rivulets, ſprings, &c. as was mentioned 

in the chapter of air. And hence we learn, that ſpring-water is never purer 

than rain; yet when this rain, turning to ſpring- water, , paſſes over ſand, or 

places full of fine, clear flints, it may there e its heterogeneous 

parts, and at length run pure. This method of percolation nature uſes 

to render waler perfectly bright and ſimple, after it has been foul'd by 

waſhing the places it paſſed through: and thus we have another way of 

obtaining water as pure as poſſible. But if this ſpring- water paſſes thro? pla- 

ces containing a matter eaſily diſſolvable by water, it thus becomes impreg- 

nated therewith z and tho it ſhould afterwards run thro?, beds of ' ſtone or 

nd, or even mountains themſelves; it might alſo carry ſuch diſſolved par- 

ticles along with it ; and hence ſprings, rivulets and lakes partake of the na- 

ture of ſuch matters thro? which the water flows (). Whence nothing par- 
ticular can be affirmed of ſpring· water, without a. due regard tg the ſouls it 

thro? z, as whether they be aluminous, ſaline, ſaponaceous, vitriolic, 

c. Thus there are numerous medicinal cold ſprings, which Hoffman; has 

ſhewn to be alcaline, volatile and ſpirituous; and numerous hot ones abound- 

ing with ſulphur, and greatly differing from the former; tho“ both thele 

ſorts are called ſpring - water, ſome proving medicinal, and wholeſome, others 

ernicious and poiſonous; ſome alſo are of a petrifying nature, as particularly 

in the petrifying cave of Burgundy, about a mile from Quingey, where the 

Voater dripping thro', E ſtatues of all kinds of figures (7), Yet 
Phat is very femarkable, theſe petrifying waters do not generate the ſtone. 
in thoſe that drink them (% Hence we learn, that not ing can be pro- | 
nounced univerſally of the clearneſs, weight and virtue of ſpring · water; but 
that every ſpring muſt be examined, in order to diſcover its nature: and this 
appears from nothing more plainly, than that if any ſpring-water be boiled 
for ſome time, then ſuffered to reſt an grow cool, 1t. depoſits a ſediment; 
nF A uftory of ſpring» ater 


-- 
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Some ſprings are much moxo;copiouſly, --.* tioned to Laden, would bear, it appeared, 
* Ke EE ill that when this was diluted with no leſs than 
© bear a greater dilution by rain-water: Thus, * thrice its weight of rain-water} it ſtill re- 
tho — found more than ont of our Fi- tained r to produce a purpliſh 

is ferroginods] (privgs;! eſpecnally thoſe - colour, With nfteſh powder-galls.?. g 

©, near „too much weakened by water, Nat. Hiſt. of mineral waters. 

that rained into them; yet upon carefully „% Journ. de Sav. an. 1688. p. 432. 

* trying how much of thzelfluid ſome German (v) Hiſt. Reg" de. I. p 9%.924 > * 

© !paw-water, which camg very well condi- eg 17 lo whinth. Nang en 
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than that it ſhould not be found in ſome places dug a very great depth into. 
Thus Dr, Pl, in his natural hiſtory of, Szaffordſpire, deſcribes a pit deſcend- 


ing perpendicularly 2600 feet; where, tho” he let down a rope of this length, 


he could neither find bottom nor water at ſo great, a depth: how ſolid, 
therefore, muſt the bottom and ſides of ſuch à pit be, that will not ſuffer 
water to burſt thro' ?? Fee 

67. As rivers proceed from ſprings, what we have already ſald of fpring- 
water may be applied to river- water; with this difference, that ſpring-water 
generally runs under ground, whereas that of- rivers is expoſed to the open 
air. Whence, Whatever falls from the atmoſphere, or is conveyed by. the 
winds; whatever vegetable or animal matter Kals in their way, or whatever 
fim and amphibious. creatures depoſit, all comes into the courſe of rivers 
mixes with their water, and may there diffuſe itſelf, putrefy and diſſolve. 
And as all rivers riſe from mountains, and at length diſgorge into the ſea, 
rivers can never reſt, as being perpetually running down to the ocean; and 
as in their courſe they paſs thro' different places, viz, woods, cities, c. in 
each of theſe places the water mult be of a different kind; ſo that nothing 
particular can be affirmed of this water alſo, without conſidering the diffe- 
rence, that may ariſe in every place, where new ſubſtances may be mixed 
with it. Rain- water eaſily mixes with it; and at different times and places, 
animal, vegetable and foſſil ſubſtances, unite therewith : no wonder, there- 
fore, that river-water, taken up by the Exgliſb at St. Tago, and kept in 
caſks, ſhould, near the iſland Borneo, be ſo changed with the heat of the cli- 
mate, as to diſcharge a vapour that took. fire at a candle; the water at 
this time being fetid, but after ſettling, again becoming ſweet (x). So Thames- 


1 


water (y), and the water of Ne- Jork river, w intolerably fetid in the 


caſk. in eight days time; but became ſweet, when arrived at Virginia (2): 
ſo again, the Thames-water, contained in.caſks and carried into hot coun- 
tries, was in eight months time converted into a fetid, ſpirituous liquor, the 
vapour whereof burnt like ſpirit of wine; but upon opening the caſk, and 
admitting the air, it became ſweet in twenty-four hours: or if the water was 
ſtrongly ſhook in the caſk, it became ſweet and potable in five hours : 
and even in its fetid ſtate, it is ſaid to be wholeſome (a). If ſea- water 
be diſtilled, and mixed with river-water, it does not putrefy (5). In the 
kingdom of Congo there is a river, which, when agitated, yields a froth, 
that, being received by ſtraw ſpread upon the ſhore, concretes into a tena- 
(v) See Phil. Tranſ. Abridg. vol. 5. p.271.. having bad the curioſity to try. how the 
That the e when —.— K. —.— kind of water, that will not bear 
© long voyages, and into hot climates, will * ſoap, might be remedied ; an induſtrious 
have a very offenſive ſcent, the common * whom I employed, aſſured me he 
putrefaction of ſtagnant water may perſuade * had met with pump - waters, that barely 
"us: yet 'tis found, if that be kept long * by ſtanding a few days, would gain this v4 
enough, tho" in the ſame veſſel, and a hotter * perty.* Boyle's Uſefulneſs of Exper. Philoſ. 
* climate, it will at length grow ſweet and (=) Phil. Tranſ. Na. 127. p. 652 
© Potable again. Several =_= waters have (a) Phil. Tran/. Ne. 268. p. us and Tran/. 
the ſame ty of We after putre- Abridg. vol. 3. p. 547. Mem: Ac. roy. ſe. vol. 
jon, as well as that of the Thames, 1. p. 4. | 
' hereto tis uſually ſuppoſed peculiar. And (%) Du Hamel de menſtruis, p. 412: 
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cious ſubſtance 3 which, when dried at the fire, grows hard like iron fe) 
The Rbone-water, when well purified by ſtanding, 2 properly preſerved in 
earthen veſſels, does not putrefy upon carrying, or feeling the heat of dif. 
. climates 3 tho? it would- putrefy i in caſks (4). 

It is found by careful 3 that rain - Water, ſnow-water, 
ſpring- water, and rivet-water, w h n and com- 
ared, ſcaroe differ a thouſandth part in weig ht ( e). Whence it is not proba. 
e, that the water of a river, in Africa ſhould be lighter by four ounces 
n. a. pint | than the water of Ex gland (F): it were bw ed Mr. Boyle 
ad. given us an exact Ade of this extraordinary iment, and con- 

1 0 2 y proper teſtimony, as the thing requires for, if the fact was 
conſtantly to to hold, what 450% ſays of a Keke” in Afri rica, mentioned 
ve, might well be received for truth, Thus miich may ſuffice to 


he the nature of river- water; for, as it contains ſo many different 


inds of ſubſtances, a fermentation may eaſily ariſe among its ANN in hot 

ates 3 and hence all the changes of enden and putrefa above- 
mendened ecd : doubtleſs, the phenomena above-recited are rather 
owing to theſe contents of the water, than to the water itſel£, 

9, We are next to confider the ſta nant waters of. lakes, meers, ponds, 
and t town+ditches ; as this water ſy: Ny quently employed in chemical ope- 
1 eſe ſta agnant waters differ greatly from each other; thus, for 

mple, | e water of Leyden is a kürte um of all the common. ſhores and 
EA + continually iſcharge t themſelyes into the town- dykes: and if 
We, con how. many tuns of, dyer” $ftuf are there uſed. in the dying of 
wog), hair, and filk ; KY a quantify of alum, tartar, vitriol, aqua-fortis, 
and tinging in redients, art em loy d ny 14 oh from the dye-houſe- 
coppers, into the waters of this to 2 we ſhall find a prodig giouſly confuſed 
mixture thus made i in the dykes that chiefly empty chernſelyes 3 into' the lake 
of Harlem : whence. it js no wonder, that many beautiful dyes ſhould be 
tuch to, ady anta gps of at Los which are unſucceſsfully attempted by the 

"bog bin, of places, even, by the ſathe workmen; as we learn from 

tumerow experimen, his le water js müch more nderous than the 
natural. are twelve ounces thereof into a a clean g iſs- ba ſon, and evi- 


rating it with a gentle heat, nunierous Worms, 2 55 d other little crea- 
—5 were found at Nahe bottom; as > alſo a large quan ellow terreſtrial, 
calcarious matter, and mud, which faiſed a Won 2 ese 6 r being 
mixed with ** -fortis. The ſeveral ſorts of 8 being examined hydroſtz 
tically by Huffman (g. 7 "with! 4 glaſs water-poiſe, divided by lines, were 
found to di or conſiderably in Weight: thus, pure rain- Water Was found to 

be the — and therefore ſerved as a tan to the reſt, River-watc! 
Eren from the river Iſel, was one line heavier than the former; the con 
mon drinking water 6 Hall was two lities heavier; the ſpting- water of the 
ſame place was-four lines ; the water of a particular ſpring in the fame place 


was 
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was fix lines; and fome water long kept in an open veſſel in a cellar, 
was fix lines and a half: but ſtagnant water, taken out of the town- 
ditch at Hall, was the heavieſt, being ſeven lines heavier. than the rain- 
water (0). This ſhews how careful we ought to be in making experiments 
on water, which differs ſo greatly from itſelf ; as every difference here may 
vary the effect: whence we ſhould know the way of trying the purity of 
by water, before we uſe it. The beſt trial for the purpoſe is, by a foldtion of 
perfectly pure filver in aqua · fortis; for this folution being diluted with the 
pureſt water, and then dropp'd into a glaſs of any water to be exa- 
mined, if the liquor does not grow turbid, white or opake, the water may 
be eſteemed 3 pure; unleſs it ſhould contain good ſpirit of nitre, or 
aqua-fortis: ſo likewiſe pure oil of tartar per deliguium, well diluted with the 
pureſt water, and dropp'd into a glaſs of any water to be tried, if no 
cloudineſs ariſes, it is a proof that the water is pure; for, except alcalies, 
this readily ſhews, by the ſudden change of colour, whether any other ſub- 
ſtances are mixed therewith, But no experiment in this caſe is more exqut- 
fite, than that made by ufing a ſolution of ſaccharum Saturni in fair water; 
for, this bein w_ into any heterogeneous water, inſtantly manifeſts its im- 
purity (i). *Tis o uſe in chemiſtry, to have ſuch methods of examina- 
tion, where is required; and where the leaſt foreign admixture may 
alter the whole operation. Hence proceed the frequent failures in producing 
the arbor Diane, and the phenomena of colours by chemical liquors. 
70. Upon conſidering all that is here diſcovered of water, we may lee rata- 
fay, that it is a certain ſpecies of glaſs, which melts with thirty-three '*/ #4 . 
of heat, and grows hard in a little ter degree of cold, 
I het 1 — a ſolid, elaſtic, 1 * inſipid, ſcentleſs 
maſs, capable ing ground into microſcopes an rning-glaſſes. This 
— indeed is volatile, but in other reſpects reſembles — laſs. And 
re it is ſurpriſing that the fluid and ſoft body of water ſhould fo quickly 
be turned into a hard ſolid ; and that an unelaftic fluid ſhould thus become 
highly elaſtic ; inſomuch that if form'd of a globular figure, it will rebound 
like glaſs, or an elaſtic metal. This elaſticity and hardneſs of ice increaſes in: 
proportion to the degree of cold whereto it is expoſed ; ſo as in the utmoſt de- 
gree thereof to grow as hard as real glaſs, and highly elaſtic ; but when melt- 
ed, it preſently — volatile. If, as ſome have pretended, a long continued 
extreme cold could turn water into cryſtal and gems, incapable of fuſing at a 
glaſs-houſe furnace, it might thus receive fire enough to make it ſhine and 
w, like metals, ſtones and other ſolid bodies; but as far as we hitherto 
w of its nature, it ſeems impoſſible, by any means whatever, togheat | 
water above two hundred and fourteen degrees. When ice is once diſſolved, Ii , 
it immediately becomes a menſtruum, and a kind of univerſal vehicle, diſ- * 
ſolving active bodies eſpecially, mixing them together, applying them to 
each other, qualifying many that were corroſive, joining itſelf with them, agt- 
tating the whole, and thus producing the principal phyſical changes and ope- 


rations in nature. 
| en O oO o 1 | 71. 
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The Theory of CnRUIS TRV. 
71. The nutrition of animals is performed by means of water; not that its 
rticles univerſally conſtitute their ſubſtance, but without the intervention 


ef this vehicle, the true nutritious particles could ſcarce be conveyed to the 


parts of the body, which require to be nouriſhed ; fo that water alone is the 
proper vehicle of nutrition, without which no creature could live, 

72. Water alſo makes the moſt mild, fluid and ſubtile of the juices 
of the body, ſo as to paſs thro* the minuteſt veſſels thereof; and if deficient 
in a great degree, the circulation preſently ſtops: nor is there - in nature to be 
ſound, any fluid capable of ſupplying the want of water in the body; ſo 
that all the actions of life are owing to water, which renders the fluids fit 
for circulation. Upon ſeparating water by a gentle heat, from any animal 
fluid, whether of a thick -or-dilute kind, we conſtantly find it makes the 
largeſt part thereof. Again, when we examine any ſolid part of an animal 
body, we find it receives all its fitneſs for the uſes of life from water alone; 
for, when this is taken away, no requiſite condition to life is left behind. 
Health itſelf, and the-fun&ions conſequent upon it, are more owing, to water 
than to almoſt any thing elſe: the growth of the body is carried on by 
water; many diſeaſes are cauſed, and many are cured by water: death itſelf 
is often brought on by water, but much oftener for want of it; and ſuc. 
ceſsful cures are often performed by its means. That the life of vegetables, 


their. flouriſhing ſtate, their nutrition, growth, Sc. are owing to water, 


appears from the experiments of Dr. Moodward, and Dr. Hales, as men- 


tioned above. The fertility of the earth, we have already obſerved, is chiefly 


owing to ſnow wand rain ; and this is farther confirmed from the obſerva 
tions made upon the ſoil of Zzyp for, where little dew or rain falls, and 


no rivers water the, ground, the eaxth is barren, like the ſands of Iqbia, eſpe- 


ts Pots, . 


Farther uſes . 


of water. 


cially, where the winds frequently diſturb and blow away the ſand, and thus 


deſtroy the firſt rudiments of fertility (H). | 

73. Laſtly, foſſils, ſo long as they remain, under a liquid form, in mines, 
and, even metals themſelves, in the form of a thick, unctuous, ponderous, 
ſaline: juice, are capable of diſſolving in water, and indeed are, naturally 
mixed therewith z as we learn from the writers of minerology and me- 
tallurgy, eſpecially the excellent Agricola. And this holds of all concreted, 


ſaline, vitriolic and metallic juices; where water makes the principal part, 


and ſerves to dilute, move, change, increaſe, and mix them among, one 
another. * +4 ” 

74. Thus: we ſce that the uſe of water is wonderfully univerſal. And 
farther, the principal, fine and grateful colours of bodies, are owing to 
wahr 3 as. remarkably appears in the bright colours of flowers. So like- 
wiſe the particular odours of bodies are every where chiefly mix'd, pre- 
ſerv'd and perfected by the interpoſition of water, which ſerves as an ad: 


mirable vehitle- to them. The great diverſity of taſtes alſo depends upon 
a proper intermixture of water, whereby ſapid bodies are chiefly apply'd 
to the tongue and. palate. The particular virtues of badies, whether alt- 
mentary, ' medicinal or poiſonous, are render'd active by, means of wa- 
ter. That the hardneſs and firmneſs of bodies are owing to water, inter- 


poſing as a cement, we have ſhewn above. Thus, if it was not for 1 8 


- (4) ee Lord Bacon of winds. 
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the ſubſtance of brick, tile, ſtone, - bone, horn, Sc. would be no more than 
ght, unconnected duſt. Moſt of the phyſical actions of bodies upon one 
another, are principally owing to water, and could not be exerted without it : 
thus, the efferveſcences betwret ſalts and falts, ſalts and oils, and ſalts and 
ſolid bodies, do not happen till the falts are diſſolved by water into a fluid 
form; for, till they are thus diſſolved, or whilſt the ſalts remain in a ſolid 
form, they exert no action. Numerous changes and operations ariſe merely 
from ſuch efferveſcences, which therefore neceſſarily depend upon water (/) : 
thus likewiſe fermentations, which produce ſo many, phyſical changes, 
can by no means be performed without water, of which if vegetables be de- 
priv dg they can never be brought to ferment again. Putrefaction never hap- 

ns in the dry bodies of animals or vegetables, and in this ſtate may long 

kept uncorrupted in a dry air, but if once moiſtened with water, they 
ſoon putrefy and corrupt. There are alſo numerous ſeparations of different 
bodies, that cannot be made without water, but eaſily by means thereof: 
thus, ſalts are eaſily ſeparated from earth, and oils and alcohol from roſins, 
by water. On the other hand, an intimate union is in many caſes procured 
by water, and could not be brought about without it; of which we have 
given numerous inſtances above. Precipitation, which 1s a capital operation 
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in chemiſtry, chiefly depends upon water; ſo does the diſtillation of all the ' 


aromatic oils, and cannot be obtain'd without it in purity and perfection. 
Water alſo ferves us to meaſure the degrees of heat, from thirty-two degrees 
up to two hundred and twelve; which is very difficult to. do by any 
other means: oil, indeed, might ſerve for this purpoſe, and go even to 
fix hundred degrees; but then oil continually grows thicker by fire, and 
does not afterwards riſe equably in proportion to the heat; whereas 
water conſtantly remains the ſame in this caſe. This is a thing of primary 
uſe in chemiſtry, and unknown to the ancient chemiſts, who would not 
otherwiſe have been ſo anxious about finding a method of. raiſing and 
keeping up an equable degree of heat, like that of a hen brooding up- 
on her eggs; Which heat may now eafily be continued by means of 
water and a thermometer. But here we are to obſerve, with reſpe& to 
all the effects of water above-mentioned, that they conſtantly differ ac- 
cording to the different degrees of fire apply'd; which needs no farther 


confirmation. 


75. Water has never been found more active and powerful, than when The bet v. 
miſed by a boiling heat into vapour, and confined in a cloſe place; for, bo- pour of waters 


dies expos d ww, this vapour, ſo as to be thoroughly moiltened thereby, are powrerful. 


Ooo? 


(!) An experienced German chemiſt relates, mon water may, in a very ſhort time, pro- 
that in ſome parts of his country, he met with duce conſiderable heat in mineral bodies, ap- 
vitriol-ſtones, or marcaſites, which, by the a&ti- pears by mixing two or three pounds of fine 
of mere common water, reſting for a compe- powder of common brimſtone, with a con- 
tent time upon them, would grow ſo hot, as venient quantity of filings of iron ; for this. 
tO enable the liquor to retain a ſenſible heat, mixture, being drenched with common water, 
when it had ed a pretty way from them. will, in a ſhort time, grow exceedingly hot, 
And many accidents may occaſion the break- and ſend out à thick ſmoke, like that of good 
ing out of ſuch waters, or the of their quick- lime, while flaking with water. | 
curſe in fubterraneal places. That com- 
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468 The Theory of Cuxursr ay, 
thence many. ways wonderfully penetrated, corrupted, altered and diſſolved. 
Experiments purpoſely made have ſhown, that the Youre of ſalt-water, 

ie 


r:iled by a gentle heat, are leſs putrefactive to the s expoſed thereto, 
than the vapour of freſh-water, which 22 them ſooner and more tho- 
roughly: whence we. ſee, that the vapour of freſh-water is more putrefactiye 
than of ſalt · water; and that the ancient phyficians juſtly obſerved a moiſt and 
hot air, growing ilential, would in a ſhort time diſſolve the human body. 
And it was found, that when the Europeans firſt ſettled in America, almoſt 
all of them died of a malignant diſtemper, or a kind of fever peculiar to the 
place, which ſoon putrefy'd and diſſolved their bodies; and this pringipally 
happened to thoſe, who inhabited the wood-lands, where the air was wet, 
wk the copious, warm vapours, which perpetually exhaled from the 
trees, For, according to Dr. Hales's calculation, Sven in his Vegetable Statics, 
of the proportion of water perſpir'd from the ſurface of the leaves of a tree 
in ſummer, a moſt prodigious quantity muſt needs be exhaled from a large 
wood, in a hot climate: but when theſe woods in America were cut down 
and burnt,. and the air ſuffer'd to have free admiſſion, the country ſoon be- 

came wholeſome (m). | 
Tee, whence 56. Galileo was the firſt that obſeryed ice to be lighter than the water 
zich compos'd it: and hence it happens, that ice floats upon water; 
+ the ſpecific gravity of ice being to that of water as eight to nine (). This 
rarifaction of ice is owing to the air-bubbles produced in the water upon 
freezing; and, being conſiderably large in proportion to the water frozen, 
render the body of ice fo much ſpecifically hghter. . We have ſhown in the 
hiſtory of air, and in the preſent chapter, that a conſiderable quantity of 
air is lodg'd in the interſtices of water, though it has not then any elaſtic 
property, on account of the diſunion of its particles: but theſe particles, 
coming cloſer together, and uniting as the water freezes; light, elaſtic and 
expanſive” air · bubbles are thus generated, and increaſe in bulk, as the cold 
grows ſtronger; whence, of courſe the ice becomes ſpecifically lighter : 
: and theſe ajr-bubbles, growing larger, acquire a great expanſive forcz, ſo 
- Purfls vet as to burſt the containing veſſel, . ever ſo ſtrong. It has been 
as freezing. imagin'd, that this burſting of the veſſels by frozen water, was owing 
| to the contraction of the ſolid parts of the veſſel upon the ice, and not to 
the internal expanſion; but the Florentine academicians ſhow'd the contrary 
by the following experiment. They fill'd a hollow globe of pure gold with 
cold water, then foldering up the orifice, expos'd it to a freezing air; having 
firſt fitted on to it a metallic ring, ſomewhat. leſs than a great circle of 
the ſphere, and carefully mark'd the part of the ſphere, where the edge 
of the ring touch'd it. Whilſt now the water froze in the globe, they 
obſery'd the external ſurface to be ſo much enlarg'd, that the metallic 
ring remarkably aſcended towards the vertex from the greateſt horizontal 
circle; whence the globe expanded much more than the ring anions, 


N 03-7: 7 
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by the cold; as was plain upon comparing this ring with another originally 
made of the ſame ſize (o). | 

77. But ſnow-water, or any water long boiled at the fire, freezes ſlower, Ie from wa- 
and affords a more ſolid ice, with fewer bubbles, than other water not ſo treat- er exhaufled / 
ed (p). And pure water long kept in vacuo,. and froze afterwards there, * 
freezes much ſooner with the ſame degree of cold, than water unpurg'd of 
air, and expog'd to the atmoſphere ;- whilſt the ice, thus made of water from 
which the air was extracted, is much harder, more ponderous, equable, and 
tranſparent, than common ice. Whence it is certain, that the air, naturally 
contain'd in water, being brought together by the freezing cold, occaſions its 
greater rarifaction and levity : and in this manner ice has been procured, that 
would not float upon water (). If finely powder'd ſea-ſalt, ſal-gem, or 
ſal· ammoniac, be put to powder'd ice, or ſnow, in a freezing ſeaſon, and they 
be well mixt together, the ſalt will immediately begin to diſſolve, and the. 
coldnefs grow much more intenſe; and this, ſo far as we yet know, to a cer- 
tain degree, whatever were the degree of cold in the bodies before their mix 
ture. Alcohol alſo, being thus mix'd with ice, increaſes its coldneſs: the 

re, ſaline, acid ſpirits of ſea-ſalt, nitre,  aqua-fortis-and aqua-regia, the 
hevager they are, the more intenſe cold they produce, when mix d with 
ice; but of this we have already treated ſufficiently in the chapter of fire. | 

78. Hence, to make the moſt perfect ice, we ſhould take the pureſt wa- 93. mt per! 
ter, and perfectly purge it of air by the air-pump, then freeze it in the ſe- ed ice 
vereſt froſt, by means of Fabrenbeit's contrivance ; for thus we "ſhould ob- 
tain an ice of the greateſt hardneſs, denſity, purity, tranſparency, and gra- 
vity ; the true phyſical characters of ice to the ſenſes : though even this ice, , 
ſo far as we now know, would immediately melt into water with a heat of 
zo degrees. Whence it follows, that the utmoſt natural cold cannot convert 
pure water into ſtone, cryſtal, or gems ; for this artificial cold is above 

0 

(e) There are other ways to manifeſt this careleſly expoſed to the wet, have been — 
expanſion of water by freezing: Mr: Boyle ken and ſpoiled by the water; which having 
having poured a proper 2 of water into entred at the little cavities of the metal, was 
a flrong cylindrical earthen veſſel, he expoſed there afterwards froze, and expanded into ice. 


it, uncovered, both to the open air in froſty And Cabexs tells us, that he ſaw a huge veſſel, . 
nights, and the operation of ſnow and ſalt; of exceeding hard metal, ſplit aſunder by con- 


and found that the. ice- in both caſes, gealed water. 
reached higher than the water before it was Buſbeguius relates, That at Conflantinople, . 
froze, a monſtrous obeliſk, thrown from its pedeflal 


So if a concave cylinder, made of any com- in the city, had remained at its length for 
pact matter, be tightly ſtopped at one end with , many till in later times an architect 
wax, and filled with water at the other, and * appeared, who for a-certain. ſum undertook 
then that alſo be cloſed in the ſame manner; to ſet it again upon its baſe ; and having to 
if this pipe be ſuſpended in an air ſuf- - © this end prepared abundance of machines, 
ficiently cold, the contained water will be he therewith raiſed it within an inch of its 
froze; and the les at both ends, or at leaſt due height; then throwing water on the 
at one, will be thrown out; and a rod of ice * ropes that ſupported the pillar, they gradu- - 
appear thereat, in continyation . with the, ally contracted, and ſet it upon its baſe,” To 
tu be. render this the more credible, the like is men - 

A ſtone- cutter complained-to Mr. Boyle, that tioned by many eminent authors, as having 
ſometimes, thro the negligence of the ſer- been elſewhere practiſed; and the thing is al- 
vants. the rain being ſaffered to ſoak into mar lowed of by Gs. 

ble, the violent frolts coming on would burſt (p) Acad. del Ciments, p. 163. 

the tones. And another tradeſman complain- (2 Ibid. p. 171. 

ed, that evenimplements of bell-metal, being 
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40 de ſtronger than that, where water is ſaid to be frozen into rock- 
cryſtal. In our experiments, no increaſe of cold has made ice at all more dif. 
ficult to melt than common ice. 

79. When water is perfectly purg'd of air by the air- pump, and ſhook in 


fomethingmore the containing veſlel, it diſcharges an infinite number of little bubbles, that 


ſfubtile than 


air, 


=_ Tvon- 
rfully con- 
cealed. 


The wwawves of 
water, 


dart from it like ſparks of fire, and have no appearance of air ; theſe, there- 
fore, may poſlibly form thoſe exploſive unaerial bubbles, which ariſe from 
water long kept boiling over the fire, after the air ſeems all to have been 
diſcharged (7). : 

80. Nothing ſeems more capable of deceiving us than water: thus, in the 
air, the parts of water, being diſpos'd after a certain manner, may form denſe 
clouds ; whereas the ſame water may be there collected ina greater quantity, 
and degree of denſity, yet being barely diſpos d in a different manner, it may 
be ſo. pellucid as not to appear to the eye. The breath, forcibly diſcharg'd 
from the mouth, when the lips are contracted, is ſcarce viſible ; but when 
gently let go, with the mouth wide open, and meeting with a cold air, it 
forms a viſible cloud. In ſummer, the moiſt breath does not appear to 
the eye; but in the winter it appears like a miſt. Hence chemiſts are to be 
admoniſhed to uſe hygrometers, whereby they may determine the quantity 
of water in the air at any time: which is a thing of conſequence to them; as 
may appear from the neceſſity of knowing the beſt time for preparing olcum 
tartari per deliguium, and oleum ſulphuris per campanam. 

81. When water ſtands perfectly (till, its ſurface is parallel, or concentrical, 
with that of the earth; but if any heavy body falls into this ſtagnant water, 
it drives a bulk of water along the ſurface, equal to the bulk of the body 
thrown in: and this expulſion of the water continues ſucceſſtyely, ſo long as 
any of the body continues above the ſurface of the water ; afrerwards the bo- 
dy deſcends equably without being perceived; whilſt the water, raiſed by the 
falling body out of its place, immediately ſlides into it again, as ſoon as the 
body deſerts it : whence an undulatory circle is made upon the ſurface of the 
water; which circle is propagated from the place where the body fell, as 
from a centre, and widens into larger and knee concentrical waves, whoſe 
diameter increaſes conſtantly 12 feet in 8 ſeconds and a half ; whereas ſounds 
in the air move at the rate of 1080 feet in a ſecond ; whence the motion of a 
wave of the air, is to the motion of a wave of water nearly in the ſame pro- 
portion as the 28 * of water to the weight of air, according to the calcula- 
tion of M. de la Hire. Theſe waves, though proceeding from different cau- 
ſes, and even interſecting each other, ſtill continue circular, and each of 
them concentrical to its own centre; and if, in their progreſs, they meet 
with any obſtacle, whereby they are reſiſted or reflected, they ſtill go on, 
with the ſame velocity, as if they had not been obſtructed: nay, what ſeems 
ſtranger ſtill, tho“ the wind be with them or againſt them, it does not hinder 
their moving in the ſame manner (%.. ä | 


82. When 
; (+) See Du Hem), bannt p.395- 0 See Memoir. de Ply. an. 1693. p. 133 
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82, When pure water is, with a gentle heat, diſtilled to perfect dryneſs, in a V be ther wa 


ter be con- 


clean retort, it leaves a light ſpot, orfilm, at the bottom of the. glaſs, and this ee vf 
every time the ſame water is rediſtill'd in a freſh veſſel ; and if the fame re- h. 


tort be uſed in rediſtilling the water, the ſpot or cruſt will grow a little larger 
upon every diſtillation. This experiment has been induſtriouſly L 3 
I 


inſomuch that Mr. Boyle (i) relates, that water being carefully diſtilled in a 
glaſs-veſſel, 200 times over, an ounce thereof at length afforded fix drams of 
a white, light, inſipid, fix'd, ponderous earth, undiſſolvable in water (). 
Hence, many relying upon his authority, have aſſerted, that water, barely 
by repeated diſtillation, might be converted into true earth. And hence Sir 
Jaac Newton infers, that water thus. chang'd into earth, may be ignited (x). 
On this occaſion, therefore, I beg leave to relate the ſucceſs of my own ex- 
periments upon the ſubject. Having collected a quantity of rain-water, 
in clean open veſſels, placed on the top of the obſervatory at Loden, ſo that 
no foul water might fall into them from the bulding, I afterwards diſtil'd, 
to perfect dryneſs, a large parcel of this water, from a glaſs retort, into a 
pure receiver, by means of the gentle heat of an athanor, to avoid ſmoke; . 
and found, at the bottom of the retort, a white ſpot, extremely thin and 
ſmall with reſpe& to the water; whilſt a conſiderable proportion of the wa- 
ter was loft in the operation, tho? I carefully ſecur'd the juncture of the veſ- 
ſels with a luting made of linſeed-meal and water. Whence I cannot con- 
ceive, how it is poſſible, by any care, to prevent water from eſcaping thro? * 
the luting, before it could be diſtill'd 200 times over. In repeating my di- 
ſtillations, I could not but reflect, that the part of the veſſels, unpoſleſs'd by 
the water, was filPd with the common air of the laboratory; and that this air 
muſt needs be full of duſt, rais'd by the motion of the fire, currents of air, 
Sc. as we ſee the ſurfaces of glaſſes in a laboratory are uſually thick co- 
ver'd with duſt, Whence I doubt not, that in each diſtillation, freſh duſt is 
added to the former; for if the ſame water be diſtill'd 200 times over, and 
always return'd back into the ſame veſſel, all the duſt floating in the air of 
| | theſe - 
* ſorae parts of the water into that ſubſtance. 
* Herein-be was farther encouraged by a phy- 
«* fician, who aſſured him, that he had fre- 
e y found ſuch white earth in rain- wa- 
© tery after diſtilling the ſame many times ſuc- 
« ceſlively ; adding, that he found no cauſe to 
* ſuſpect, that if he had continued to re-diftil 
the ſame portion of water, it would have 
« yielded him more earth. Laſtly, a very in- 
« genious perſon, who had tried various ex- 
* periments on rain-water, put him beyond all 
doubt about this tranſmutation: ſor he ſo- 
© lemnly affirmed, on experience, that rain- 
water, even after diſtillation in very clean 
* glaſſes, near two hundred times, afforded : 
© him this white earth; and that more _— | J 


(!) This inſtance of the convertibility of 
water into earth, is fo conſiderable, that it 
may deſerve to be delivered more at large: 
The author relates, That having put a con» 

* fiderable quantity of diſtilled rain-water into 

a clean glaſs body, and fitted it with a head 

and receiver, he ſuffered it to ſtand in a di- 

' Lellive furnace, till by the gentle heat there- 

of, the water was totally abſtracted, and the 

* veſſel left dry ; when being taken out of the 

fand, he found the bottom of the glaſs 

* Wholly covered with a whitiſh "ſubſtance ; 

which being ſcraped off with a knife, ap- 

_ peared to be a fine earth, without any mani- 

elt taſte. — This encouraged him to diſtil the 

an- water again, in the Jame glaſs body; 1 ! 
at the bottom whereof, when the water was * cuouſly in the latter diſtillations than in 

g all drawn off, lay more of the like earth, * former.” Boyle of Forms and Qualities. 

| which confirmed his conjecture, that the (u) See Boyle, Origin of Forms, p. 259237. -. 

. earthy powder might be à tranſmatation of (x) See Newton, Optic. Latine. p. 319, 
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«theſe veſſels muſt thus be collected 400 times, on account of the water's be- 
ing pour'd backward and forward in the open air. And tho? in this caſe, 

| ſome of the powder may be _ the feculency of the water; yet the 
greateſt part, doubtleſs, s from the air. If we calculate, from expe- 
riments, mot yp rtion of each of theſe powders, it does not appear certain, 
that the earth, obtain'd in this operation, proceeds from the true elementary 
ſubſtance of water: and my ſuſpicion is here the ſtronger, as I find Mr. Boyle 
repeated the experiment only thrice himſelf ; and had it from another che- 

. mical hand, that an ounce of water, diftilPd 200 times over, afforded fix 
.drams of earth. That water may concrete, along with other ſubſtances, into 

a true ſolid body, we have ſeen above; but that it may, without the inter- 
poſition of any thing elſe, be by diſtillation converted into true earth, has not 
fitherto been ſhewn by ſufficient experience. I have learnt, by numerous 
examples, how apt men are to overlook things that mix themſelves unex- 
ly in chemical operations. And thus I finiſh all that I can juſtly ay, 

m our preſent natural philoſophy, upon this third univerſal inffrument of 
chemiſtry, 
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Of EARTH. 


I, OT H philoſophers and chemiſts uſe the word earth for a principle, Earth defined. 

B or element, in the compoſition of bodies, entering them either as an 

ingredient, or giving them a power of performing various opera- 
tions in nature and art. The word properly denotes a foſſile, ſimple, bard, 
brittle body, that remains fix'd, without melting, in the fire; and neither 
diſſolves in water, alcohol, oil, or air (a). | 

2. It is a body, as having three dimenſions, impenetrability, figurability, Zxplainee. 
and its own particular gravity. I judge it of the foſſile kind; for, it is mixt 
almoſt with every foſſile, either in a greater or\leſs proportion; tho? it is 
hard to ſhew it in metals. In weight it exceeds On ITD and the ſpirits of 
vegetables and animals. It every where inſinuates it (elf into the bowels of 
the earth, where it is conſtantly found, and may be dug up: but when pure, 
it ſeems homogeneous, or unmix'd with other elements; whence we can re- 
fer it to no tribe of bodies ſo properly, as the foſſile. When pure, or perfect- 
ly ſeparated from other bodies, it is conſiſtent, hard, and fine, tho brittle 
with regard to our ſenſes, and eaſily reducible by trituration into a certain 
powder; in which reſpect it greatly differs from the true metals and gems; 
tho? ſtill more in this, that it remains fix'd and unchang'd in the mol vio- 
lent fire; even ſo far, as when pure, not to flow therein. 

3. The dry remainder, left upon the careful diſtillation of rain- water, be- 7;rgin-earrs 
ing collected, thoroughly calcin'd and elixated, affords a pure ſubtile virgin- ebrained from 
earth; which ſeems to proceed from the duſt of the air (), as mentioned at #97 
the end of the preceding chapter: for the duſt floating in the air ſeems to be 


principally. 


(a) The doctrine of elementary earth here things depending on them would be chan 
delivered, appears greatly to countenance Sir ged. Water and earth 'compoſed of old, 
l/aac Newton's notion of the original forma- * worn-out particles, and fragments of par- 
tion of matter ; by ſhewing that an unalterable * ticles, would not be of the ſame nature and 
ſolid ſubſtance has an exiſtence in nature. This texture now, with water and earth, compd- 
great philoſopher is pleaſed to tell us, it ſeems * ſed of entire particles in the beginning. And 
to him, * That God in the beginning formed therefore, that nature may be laſting, the 
matter into ſolid, maſſy, hard, impenetrable, changes of corporeal things are to be placed 
* moveable particles, of ſuch ſizes and figures, only in the various ſeparations, and new aſ- 
and with ſuch other properties, aud in ſuch ſociations and motionsof theſe permanent par- 
© proportion to ſpace, as moſt conduced to the ticles ; compound bodies being apt to break, 
* end for which he formed them; and that not in the midſt of ſolid particles, but where 
* theſe primitive particles, being ſolids, are * theſe particles are laid together, and only 
* incomparably harder than any other bodies touch in a few points.” Newton's Opt. p. 
* compounded of them; even ſo hard as never 375, & ſeq. 3 8 
7 * to wear, or break in pieces; no ordinary ? 6) Mr. Boyle, in his curious treatiſe of E/- 
F pane being able to divide what God him- fuvia, obſerves, that earthy matter may be 
* ſelf made one in the firſt creation. While raiſed in a very conſiderable quantity into the 
* theſe particles, ſays he, continue entire, they air ; and to this purpoſe relates from Agrico- 
may compoſe bodies of one and the fame na- J, an account of a ſhower of rain, which co- | 
ture and texture in all ages: but ſhould they vered the ſtreets it fell upon, with clay. « 
\ * Wear away or break in pieces, the nature of PPP | ; 
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incipally earth, attenuated by numerous cauſes, ſo as to fit it for being 
ſpended in the air, and moved about therein, by the winds: whence 
it mixes it ſelf intimately with dew, miſts, clouds, rain, ſnow, hail, Sc. 
And although the earth, thus obtain'd from the diſtillation of rain-water, be 
ſo. ſuc d in the fire, that, as Mr. Boyle found, it would endure the utmoſt vio- 
lence thereof, without changing or flyiug off; yet this property does not 
contradid its being volatile, ſo as to float a ſubtile powder in the air: for, it 
is one thing to remain fix d in a violent fire; and another, to be carried away 
with the motion of the air or wind. Thus, if fine powder'd earth be put 
into a crucible, and cover'd on all fides with fire, it thus may reſt unmoved; 
whereas, if blown upon by bellows, ſo fine a powder would immediately be 

_ diffipated, © And thus, as clouds of water are carried about by the wind, ſo 
are clouds of ſand in Egypt and Lybia ; tho? ſand be a fix d thing in the fire, 
Here alſo it ſhould be confider'd, that bodies purely terreſtrial may remain 
Ax'd in the fire; but, when mix'd with others, become ſo moveable, as to be 
rais'd into the air by a gentle heat. Thus, pure gold is extremely fix'd in the 

fire; but if firſt mix d with regulus of antimony, then well ground with mer- 
cury-ſublimate, it is fo chang'd, as to fly into the air with a gentle fire: in 
like manner, earth, when ſeparated from all other things, endures the 

moſt violent fire unmov'd ; but, When mix d with other bodies, a moderate 

heat may carry it off; as we fee in wood burnt upon a hearth : where the 

'fmoke riſes to the top of the chimney, and there turns to ſoot; which, 

when chemically treated, affords a large proportion of earth, here rais'd 

to the top of the chimney, by being mix d with an oil and ſalt; tho* the 

earth it ſelf, when purified, cannot be thus rais'd by any violence of fire. 
Hence, therefore, we have one way of procuring. pure earth, by the diftil- 

lation of pure water (c); tho* the earth, thus obtain'd, will contain what- 

ever floated in the air along with it, unleſs this be ſo light as to riſe with the 

of heat employ'd in the diſtillation. 

From calcined. 4. Vegetables, by being haang;lo an open fire, fall into white, fix d, ſub- 

. wvgetables. tile aſhes, that are eaſily blown away with any wind. Every plant is capable 
of affording theſe aſhes ; which being perfectly elixated with rain- water, ſo 
as to take up all their fix d ſalt, after the open fire had totally conſum'd the 
oil and volatile ſalt of the ſubject, nothing but earthy matter will remain 
behind, along with the water ; ſo that theſe two being now ſhook together, 
and perfectly waſh'd, by the repeated affuſion of freſh water, from all ftony, 
ſandy, and other ſolid particles, that will not be ſuſpended in water; and 
the ſeveral turbid waſhings being afterwards ſuffer d to reſt together, till al 
that will fall to the bottom be depoſited ; if the clear water be then 4 


, 


* 


(c) The great quantity of earth which Mr. thor himſelf, from the known and allowed effec 
le obtained in proportion to the water di- of fire or fewel, which has the power of makin 
ſtilled, with the probability there is, that if new coalitions of in bodies, ® 
. the operation was often N repeated, the thence of introducing new forms: and tw 
| whole body of the water would be thus conver- alcohol of wine may be reduced to earth, ® 
ted into earth, renders it impoſſible with ſome well as ſimple water, according to Mr. Bl. 
to ſuppoſe the phanomenon entirely owing tothe See bir producibleneſi of chymical principles in 
cauſes ſome have imagined. The fact, ay they, der the article Earth. 
is much better accounted for by the excellent au · 


r 
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degrees of fire up to the 


ed, we ſhall find at the bottom a fine earthy ſubſtance z which, when dry'd, 
a gentle fire, is elementary earth, chemically obtain'd from vegetables. 
his earth is perfectly inſipid, ſcentleſs, white, ſoft, and but little elaſtic; 
it neither diſſolves in the air, in water, in the fire, or in oil; it alſo remains 
fix'd in the fire, and of it ſelf not convertible into glaſs ; with water it mixes 
into a kind of paſte, whereof teſts and muffles may be made for the refining 
of gold and ſilver, and the trying of ores: for, this earth will long ſaftain 
the force of melted lead in a violent fire, without vitrifying or cracking; 
but ſuffering all imperfect bodies to paſs thro? its pores, or vitrify with 
lead. And by theſe marks we may know the nature of pure earth, chemi- 
cally obtain'd from the aſhes of vegetables. 

5. The ſame kind of earth is alſo obtain'd from that part of vegetables, —— 
which in burning flies off in the form of flame, ſparks, ſmoke, or ſobt; and e 
this, whatever the vegetable be, whether recent or long kept, ſharp or mild: 
for if ſoot, taken from the top of a chimney, be calcin'd in an iron-pan, it 
ſmokes, ignites, takes flame, and at length falls into white aſhes; which, 
when well elixated, afford an earth in all reſpects like the former. Hence 
we underſtand, that earth may be render'd very volatile, when agitated by a 
violent flame, whilſt mix'd with volatile ſubſtances ; and that it may thus be 
carried to a great height, diffus'd thro' the air, and mix d there with: fo that 
when black ſmoke riſes from burnt vegetables, in the form of clouds, earth 
it ſelf, here made volatile, appears with the reſt under this form. So again, 
when ſoot is diſtilled in a glaſs- retort, with different degrees of fire, it 
water, ſpirit, volatile ſalt, and different oils; leaving behind a black mat- 
ter, which, when burnt in an open fire, and elixated with water, affords the 
ſame kind of earth as in the foregoing experiments. This ſhews us, that the 
force of fire is able to raiſe even earth it ſelf, along with water, oil and falt ; 
and that the earth, ſo rais'd, is of the ſame nature with that obtain'd from the 


| fix'd aſhes of plants after burning: which ſhews us an unexpected 
periy of capt for the earth, which was ſo volatile in . 


or ſoot, yet after it comes to be ſeparated by diſtillation, or calcina- 


tion, from all aqueous, oily and faline particles, it then proves as fix'd as the 


earth of the vegetable, remaining in the fix'd aſhes after burning. And hence, 
earth, when alone, is fix'd in the fire; but if intimately mid with oils and 
ſalts, it is by their means eaſily volatiliz d. This ſhews us, how full the air 
muſt be of a true earthy matter; eſpecially in thoſe places where. vegetables 
are continually burnt. | ins! 
6. All the known vegetables, if diſtill'd by the retort, with the ſeveral EY difiills 
<laſt, are thus ſeparated, into two different parts, the 
one being rais'd by the force of fire, and carried into the receiver; whillt the 
other cannot be ſo rais*d, but remains behind at the bottom of the retort, in 
the form of a black, fix'd coal, not to be farther chang'd by this means, as 
Helmont related, and Dr. Hooke ſhew'd by experiment. It is commonly 
— by chemiſts, that water, ſpirits, oils, and volatile ſalts, riſe as vo- 
into the receiver, under the form of liquors; whilſt the earth, the 


fed falt, and a little fixd oil remain behind at the bottom of the retort, The 
truth is, the firſt volatile part in this operation differs from it ſelf, as confiſt- 


 Ppp2? | ing 
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() See Boyle, Scept. Chym. paſſim. 


e th if ee 
ing of water, ſpirit, acid ſalt, alkaline falt, and different oils ; which, when 
all mixed together, , conſtitute a ſubſtance like that of ſmoke or ſoot, but 


with this difference, that when theſe principles are rais'd by an open fire, 


they aſcend more copiouſly, and in a groſſer form, than when diftild in a 
cloſe veſſel, Whence an equal quantity of the ſame vegetable ſubje& affords 
much leſs aſhes, upon being burnt in an open fire; as a much larger propor- 


tion of coal and aſhes remains in the retort after diſtillation : but if all that 


ſd into the receiver, in the operation, be again diſtill'd to dryneſs, a black, 
Erd coal will thus conſtantly remain at the bottom of the veſſel; and can 
never be render'd volatile by the moſt long- continued violent fire; tho? 


ſmoke indeed will be thus rais d from it. If the remaining light and ſpongy 
coal be at length taken out, and calcin'd in a clean veſſel in a naked fire, it 


will burn, take flame, loſe all its blackneſs, and leave a white ſubſtance; 
which, when duly elixated, will prove the ſame virgin- earth as above- men- 
tiohed: whence again it is plain, that this earth rifes along with water, ſalts, 
ſpirits and oils, in the diſtillation. of vegetables. If the oil, obtain'd in this 
dation, be in the fame manner diſtilled with all the degrees of fire, a 
mach purer and more penetrating oil will come over into the receiver : and 
by repeating the operation ſeveral times, an oil may be thus obtain'd ſo thin 
and label. as to reſemble alcohol; but then a large part will at each diſtil. 
lation vaniſh into the air; and the peculiar ſpirit, which gave the ſmell and 
taſte to the oil, be totally loſt; whilſt every time, a black coal conſtant- 
Iy remains at the bottom of the receiver, and can never be made volatile, nor 
to afford any falt ; tho? when burnt in an open fire, it yields white aſhes, and 
a conſiderable proportion of true elementary earth : and how often ſoever 
the oil be thus diſtill'd over, it depoſits earth every time; fo that at length 
the principal part of the oil may, by this means, be converted into pure ſimple 
rth, as appears from the experiments of Mr. Boyle (d). "* 
7. Hence it appears, that the ſame earth is producible from all the parts 
of vegetables; the ſenſes not being able to perceive the leaſt difference in dif- 
. ferent parcels of earth, thus procur'd : and all this earth, if perfectly pure, 
is ſo fix d. in the fire, as ſcarce to ſuffer the leaſt change by the utmoſt vio- 
| lence thereof; yet, when mix'd with other volatile parts of vegetables, it 
then becomes volatile in the fire, whether apply'd in the way of open calci- 
nation, or cloſe diſtillation. Again, we ſee that no volatile part of a vege- 
table renders earth more highly or more eaſily volatile than oil; but among 
the various kinds of oil, which nature or art produces from vegetables, there 


— 


is none that carries off more earth than that groſs pitchy ſort which riſes 
laſt, in diſtillation, with the hĩgheſt e . of fire. Whence the ſuperior 
weight, thickneſs and tenacity, of this oil, 


cem owing to the greater quantity 


of earth it contains: and accordingly, if depriv'd of its earth by diſtilla- 
tion, this oil becomes proportionably thinner, lighter, and more volatile. 

Farth in fix'd 8, The better to underſtand the nature of this earth, it is proper to 

alcali. 


conſider the fix d alcaline. ſaline part of the aſhes, gbtain'd by the calcination 
. of vegetables; which ſaline part is waſh'd away from them, by the water 


. 


Z S is * 1 


:, : 


uſed In their elixation. One might be apt to fuſpect, chat no carth would 


4 remain 
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remain in this ſalt; as it is manifeſt, that earth wag left undiſſolv'd by the 
water, which diſſolv'd the ſalt and carry'd it thro? the filtre in purifying the 
lixivium, after the terreſtrial fæces were by long reſt fallen to the bottom, 
and that the ſolution paſt thro? the filtre as limpid as water; in which ſtate this 
liquor being examin'd, even by the microſcope, no ſigns of an earthy matter 
will appear therein; and if kept for years in a veſſel perfectly clos'd, it de- 
poſits nothing terreſtrial : yet if this pure lixivium be put into a clean glaſs, 
and ſet in a quiet place, where no duſt can come, till it acquires the con- 
ſiſtence of oil; and this thick liquor be afterwards boil'd in an iron-pan to 
perfect dryneſs, it leaves a pure fix'd alcaline ſalt at the bottom; which be- 
ing melted in a ſtrong fire, then pour'd into a braſs mortar, and reduc'd to 
powder, and afterwards ſuffer'd to run per deliquium, there will be found at 
the bottom of the containing glaſs a white, earthy powder; which, when 
waſh'd from all the adhering ſalt, proves to be perfect earth, like that ob- 
tain'd from vegetable aſhes. And if the liquor, thus obtain'd, be again eva- 
porated, and the falt again calcin'd and run per deliquium, it thus alſo de- 
poſits more earth; and by repeating the operation, a very large part of the 
fixed alcaline ſalt may thus be turn'd into pure ſimple earth, which in the 
burning was ſo united with the ſaline principle, as to give it the form of an 
alcaline ſalt , whilſt that faline principle, by repeated calcination and ſolution 
in the open air, — flies off into the air, and leaves only the 
earth behind. If all this earth be carefully collected and weigh'd, it will 
be found much lighter than the ſalt employ'd ; which ſhows that a large part 
of the ſalt is thus render'd volatile, and flies off. | 

9. As this experiment is always made with the ſame ſucceſs, we may 
learn from it, that earth was contained in the fix'd alcaline falt, from which 
it is thus procur'd; thoꝰ it before lay ſo conceal'd therein, as to be perfectly 
diſſolvable in water, a property otherwiſe repugnant to the nature of 
earth, Hence alſo it appears, that pure earth, when united to another 
principle, may be perfectly diſſolv'd in water, tho' not at all, when it 
exiſts ſeparate ; unleſs we ſhould here ſuppoſe, that the ſalt by this repeat- 
ed calcination and ſolution is actually converted into earth, But this ſup- 
poſition, ſo far as I know, is confirm'd by no argument or experiment 
and therefore paſſes with me for a ſuppoſition, contrary to the, conſtant 
courſe of nature, which always acts in the ſame way, and by the ſame means: 
for, it has never hitherto appear'd, that one element prevails over another; 
but that they all preſerve their reſpective proportion, or aflign'd balance 
among themſel ves, from their firſt creation to the preſent time. On the 
other hand, we learn from numerous examples in chemiſtry, that when earth 
is united with other ſaline. principles, it may thus be diſſolv'd by water into 
a liquor, where no terreſtrial matter appears; ſo for inftance, in glaſs, the 
earth united to the alcaline ſalt forms a pellucid maſs, which yet, according 
to Helmont, may again be reſolv'd into alcali and earth. So likewiſe, all 
the, metals, diſſolvd by their proper menſtruums, appear pellucid ; tho* the 
metals may ſeverally be 'recover'd from them, opake, entire and-unchanged. 
Thus again, chalk, tones, ſhells, earths, Sc. by means, of ſaline liquors ſeem 
convertible into pure ſalts; tho' theſe ſolutions may by various e 
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f again reſolv'd into their ſolvent liquors and earthy ſubſtances reſpectively, 


as we ſee in the buſineſs of precipitation. 

10. We may learn from the preceding experiments, (1.) That fix'd al. 
caline ſalts, obtained from vegetables by calcination, owe their chiefeſt part 
to true elementary earth, which contributes to compoſe them. (2.) That 
this earth is ſo conceal'd, mix'd or united in theſe ſalts, whilſt they remain 
alcaline and fix d, as to be diſcoverable by no ſign; and thus even diſſolye 
with water, or a moiſt air into a pellucid liquor. (3.) That this earth of 
vegetables can only be thus attenuated by the extreme violence of a calcining 
fire ; which thus in the open air intimately unites the earth, ſo ſubtilized, 
along with the other alcaline, ſaline principle, that from the two, fo join'd, 
fixed alcali ariſes, as a creature of he fire. For charcoal, cloſely confn'd in 
an iron veſſel, and long detained in a violent heat, ſtill remains a black 


coal, that holds no alcaline falt; but when expos'd to an open fire, it pre- 


ſently turns to aſhes that contain a fied ſalt: which ſhews, that this falt 
did not pre-exiſt'in the vegetable, but is produced by the fire, uniting the 
earth to the other concurring part, in the open air, and not in a cloſe veſſel. 
And it plainly appears, that this fixed alcaline ſalt is merely produc'd by the 
force of fire in the open air; becauſe if any vegetable whatever, be only 
burnt to a black coal, either in a cloſe veſſel, or in the open air, this black 
coal, ground to powder, and boiled in water, communicates no fix*d alcaline 
to the water; but when once reduc'd to white aſhes by an open fire, theſe 
aſhes yield a true alcaline falt, by being boiP'd in water. Hence, therefore, 
the earth of vegetables being attenuated, by the utmoſt violence of an 
open fire, whereby the oil is conſum'd, and uniting intimately- with the other 
part, is what conſtitutes fix'd alcaline falts ; nor do I know any other origi 


thereof. (4.) Fir d alcaline falts, therefore, are not fimple ſübſtances, but 


compounded of two different principles intimately united. (g.) It is very 
probable, that the burning of vegetables firſt attenuates, then combines this 


earth with the native falt naturally contain'd in plants, and which uſually 


exiſts in them under a ſaponaceous form, or a mixture of oil and falt; fo 
that the fire, firſt mixing theſe together, afterwards conſumes the largeſt 
part of the oil, and thus converts the ſalt, the earth and the remaining groſs, 

lack oil, into a black coal; wherein the ſaline part is ſo cover'd and de- 
. ended by the oil and earth, that water cannot diflolve the falt, till a ſtronger 
fire, coming to be longer apply'd, conſumes all the black oil, which ſerv'd 
as a cement to the earth and ſalt; whereby, the ſaline part, of itſelf con- 


ſiderably volatile, now ſeems to be fix d, and concreted with the ſubtile 


earth: after the fame manner as fix d alcaline falt, long detain'd in the moſt 
violent fire, at length becomes volatile and flies off; but if mix'd with 2 
certain proportion of earth or aſhes, turns to glaſs, which long remains 


© 
. 


conſiderably fix d in the fire. (6,) Hence there is no ſimple ſalt of a fix'd 


nature in vegetables, but its fixedneſs is totally owing to the earth melted 
into it by the fire; for, if vegetables are long kept dry, or expos d to the 


changes of the air, or if perfectly putrefy*d, they leave no fix'd falt in their 
aſhes, (7.) And hence, theſe fix d alcaline falts, thus produc'd, are again 

_ reſolvable into their two principles, by the means above-mention'd : 912. into 
7 I 
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able to detain any of them except water and ſolid earth. Whence the 
ancient chemiſts properly ſaid, that ſpirits are held down, or kept from fly- 


the ſpirit, the oil, and ſalt of the ſubjects, evaporate in time, leaving nothing 
behind but a ſmall tity of fimple, indolent, terreſtrial matter, like the 


fo volatile, as totally to exhale by the bare action of the air; whilſt only their 
_ earthy remains fix*d, and. does not fly off with the reſt: which earthy 


clean, well-cloſed veſſels, with ſueceſſive degrees of fire up to the higheſt, 
will firſt, with the heat of two hundred and twelve degrees, afford an in- 
_ credible proportion of water; which in moſt reſpects reſembles that obtain'd 
_ from vegetables. In the ſame manner, with the next degree of heat, after 
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a pure, ſimple, volatile, imperceptible ſalt, and a pune ſubtile indolent fix d 
earth. (8.) Hence it ſeems much more probable, that theſe fix d ſalts ſhould 
be produc'd from earth and falt, in the manner Juſt mention'd, than from 
the intimate union of earth and water: for in what manner ſoever water 
is apply*d to pure earth, in chemical operations, a fix'd alcaline ſalt is never 
found to ariſe therefrom ; tho* the fire apply*d be ever ſo ſtrong. (.) This 
earth is'obtain'd always the ſame, and in a large quantity, from water, ſpi- 
rits, volatile falts, fix'd falts, and oils, when chemically treated in a proper 
manner for the ir re whilſt all of them, if perfectly freed from earth, 
are ſo attenuated and volatilized, as to eſcape the notice of the ſenſes, and 
fly off into that univerſal receptacle, the atmoſphere ; ſcarce any veſſels being 


ing away, by oils or ſulphur; that earth was the only thing, which could 
detain ſulphur and falts ; and conſequently, that earth was the cauſe of fixed- 
neſs. Upon the whole it appears, that this earth is the ſame in all vegeta- 
bles, and perhaps, an unchangeable principle. 

11. We next proceed to enquire into the earth of animals. It has ever Earth from 
been obſerved that all kinds of animals, expos'd to a warm moiſt air, pre- Puri d ani 
ſently putrefy after death, even in a leſs degree of heat than that of the "** 
body in health ; and, by this putrefaction they are in a ſhort time ſo chang'd, 
that their entire bodies reſolve into a fetid ſubſtance, which flies off ſo co- 
piouſly into the air, as to leave only a very ſmall ſolid portion behind. 

hus the bodies of whales, ele ts, camels, horſes, men, Fc. are ſoon 
conſum'd to the bones, and vaniſh into the atmoſphere : for, thus the water, 


virgin earth obtained from rain and vegetables, in the manner above-men- 
tion'd. Thus, we find in the church- yards of populous cities, the car- 
caſſes that are there buried, turn to ſo little earth, as ſcarce raiſes the ground 
higher, Hence we ſee, that both the fluid and ſolid parts of animals are 


part, when cloſely examined,. appears to be only the crumbly ſubſtance; of 
the bones, or light ſhes, eaſily diſperſed by a gentle wind. 

12, Let us proceed to trace this earth in animals, where we ſhall find that 5, ,,.., 
their juices, when converted into a true animal nature, and diftilPd in aui Aid. 


all the water is expell'd, and the maſs grown dry and ſcorch'd, there comes 1 
over a light, yellow liquor, leſs volatile than the water, and called by the | 
name of ſpirit ; having a ſtrong; ſmell, and being ſo ſaline, as to raiſe an = 
efferveſcence with acids: this ſpirit, being again diſtill'd by itſelf, affords | 


ſome fæces, which, when calcin'd and purify'd, yield a little fixed earth, 


perfectly of the ſame nature with the former. Whence it is plain, * d 
cends 


1 
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Hehe wich this ſpirit, and may be obtained from it. If the fire be now in- 
creas'd, the remaining r affords the diſtill'd animal oils in a conſidera. 
ble quantity; which, being again diſtill'd .by themſelves, leave a copious 
fixed earth at the bottom, like the diſtill'd vegetable oils. above-men- 
tion'd: whence we fee, theſe animal oils alſo are convertible into earth 
by a repeated diſtillation, till at length they remain of a ſubtile and almoſt 
ſpirituous nature; being thus freed from their earth, which gave them 
their groſſneſs,“ tenacity, and fixedneſs. The volatile falt, which here 
riſes, in part, together with the oils, and in part, ſeparately, after them, 
always at firſt holds a copious oil, intimately mix*d, which by its viſcoſity 


fixes, detains, and binds down the falt: for, as ſoon as all oil, is by 
the proper operation perfectly er. this ſalt immediately becomes 
totally volatile, and leaves no fæces behind it 5 repeated diſtilla- 
| the 


bottom, after be. 


tion: tho' it always leaves an indolent water at 


ing ſublim'd by a ſoft fire; for, this water adheres ſo to the falt, tho? in 
appearance ever ſo dry, as to manifeſt itſelf by remaining behind upon a 


entle ſublimation : nor can · this water, ſcarce by any other means, be ſo far 
Fecarated from the ſalt. Whence all the fixedneſs, which we find in native 


animal falts, ſeems wholly owing to native animal oil, whereby they are 
' detained ; whilft this oil itſelf owes all its fixedneſs and tenacity to the earth 
combined therewith : this earth being the true cement, that binds down the 


animal falt, which would otherwiſe be too volatile. When by the violence 
of the fire, the former oils are driven over; there ariſes another, of a black, 
groſs, clammy, pitchy nature, which often fills the whole neck of the re- 


"tort, and comes into the receiver, like rarify'd pitch. This oil is more 
- ponderous than all the liquors that came over before; and upon being re- 


diſtilſed, leaves a copious earth in the retort, though urged with ever ſo 
violent a fire : and if the diſtillation be often repeated, the oil becomes every 
time more liquid, and conſtantly leaves a large proportion of earth behind, 
Thus upon re-diſtilling ſeveral pounds of the fetid oil of hartſhorn, in 


| order to rectify it; after many repeated operations, I obtained a thin, pel- 


Jucid, volatile oil; and a large quantity of black, unctuous, terreſtrial ſub- 


_ Nance; which being burnt, with an open fire, afforded pure earth: whence 
I was convinced, that this laſt groſs oil, tenaciouſly adhering to the earth, 
s made to riſe therewith by a violent fire; fo, tho* this ſubſtance be called 
dil, yet a large part thereof is mere earth, that may be volatilized with oil, 


by a ftrong heat; whilſt the peculiar properties of ſuch oils depend little 
upgn the true oil itſelf, but chiefly upon earth, and the great degree of heat 
— — to raiſe: them: for, hence proceeds their ſuperior fixedneſs, tenacity, 
and weight; of all which they are deprived, when well purged of their 
earth, Whence again, we underſtand that earth is intimately, and almoſt in- 
ſeparably mixed with all animal oils; and that this admixture conſtantly 


', © hinders their volatility : for as oils volatilize earth in the fire; ſo earth mixed 


with oils, always leffens their volatility ; and, as volatile ſpirits are render- 


_ ed leſs volatile by oil; ſo volatile oils are rendered more fixed by earth. 


If the black fixed ſubſtance, that now remains behind in the retort, be for a 


long time urged with the-utmoſt degree of heat, thick, ſhining, blue * 


— 
- 
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will at length ariſe, together with little fiery ſparks; which, being received 
into cold water, are there condenſed, and falling to the bottom, torm little 
maſſes, called by the name of ſolid phoſphorus z as the former, coming over 
in fumes, w_ be called liquid. This phoſphorus,. if expoſed to the air, 
burns with a bright flame, conſumes and flies away with a particular ſtench; 
leaving a thick, acid, and ſomewhat terreſtrial water behind it. Whether 
this phoſphorus be a production of. the fire, or of an animal, or vegetable 
ſubſtance, or of all three together, may be queſtioned ; but if we conſider, 
that it burhs in the air, never diſſolves in water, and melts like wax, with 
heat, at the bottom of water; it ſhould ſeem to be rather of an oily, 
than of a ſaline, or earthy nature: though it greatly differs from all other 
bodies, that go by the name of oils ; and contains but very little earth. 

13. The matter, remaining in the retort, after all theſe operations, ſtill con- The correſpos- 
tinues black; but, if carefully taken out of the veſſel, and calcined in an e _— 
open fire, it becomes white, terreſtrial, and retains its priſtine figure. This — 
hiſtory of animal, and vegetable earth, ſhews us the great affinity there is be- 
twixt animals, and vegetables (4): and as they agree in ſo many reſpects, 
it is no wonder, that animals ſhould often conſiſt of mere vegetables, with 
the interpoſition of water, and the aſſiſtance of the concreting faculty; ac- 
cordingly, we every where find, that the bodies of animals are, in many 
reſpects, only altered vegetables; the principal difference between them, con- 
fiſting in their ſalts, which in many vegetables are acid or auſtere; contrary to 
what we obſerve in animals, where the falts are never found to be auſtere, or 
acid. This at leaſt holds of the juices of animals perfectly changed by the 
powers of the body into an animal nature. Again, the falts of moſt vege- 
tables, obtained by burning, are fixed; whereas, no fixed alcaline ſalt has 
ever been found upon burning the bodies of animals. Some vegetables, how- 
ever, contain a volatile ſalt, like that of animals : for inſtance, ſcurvy-graſs, 
muſtard, Sc. Earth, or oils containing a copious earth, ſeem to make, by 
their mixture, the principal difference betwixt the fixedneſs of animal and 
vegetable ſalt : whence it ſhould follow, that earth is leſs intimately, and 
leſs copiouſly united with the oils and ſalts in animals, than in vegetables. ; 

14. When vegetables are perfectly putrefied, their nature is ſo changed, Putrefa#iomr 
as upon burning to afford no fixed alcaline falt ; but all their ſalt is now 2 the 
volatile, as in animals: whence elementary earth is by no operation ſo eafily l. 
ſeparated from all the other principles of vegetables, as by putrefaction; a 
which wonderfully ſeparates and. divides the principles from one another ; 
deſtroying the priſtine form of the ſubject, and rendering the principles of 
animals and vegetables nearly the ſame. And thus putrefaction diſpoſes their 
bodies to generate new matter in the air, water, and earth, fit for fertilizing 
the ground ; ſupplying new vegetables, and ſupporting animals : whence, 
all putrefied bodies make excellent; manure z* and all animals, when putrefi- 
ed, continually afford freſh. matter for fertilizing the earth. | 


* 
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(4) To render the earths of the ſubjeds of ad the other principles be perfeQly ſeparated 
different kingdoms perfectly alike, the opera- from the terreſtrial one, by calcination, re- 
tion muſt be performed with great exactneſ, peated ſolutions in water, filtration, &c. 


Qqq 
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Fermentation f. But though putrefaction thus ſeparates the earth from the other prir- 
dpes wot ſepa- ciples of animals and vegetables, and renders them volatile; yet fermen- 
1888 tation does not do the ſame. Fermentation, indeed, moves the parts of ve- 

les ſtrongly, for a long time, but can never extricate the earth from 
the ſalt and oil;, and therefore does not bring vegetables to an ani- 
mal nature; but increaſes the acidity of their ſalts, which by burning, 
afford fixed alcali ; as we ſee in tartar. Indeed fermentation changes one kind 
2 le oil into alcohol; but does not thus convert all the oil of the 

| u . 
WParth from 16. The intire bodies of animals, _ burnt to white aſhes, and ground 

| Sarnt an- to powder, afford a ous earth, clear of all oil and falt; fo that it can- 
. not be diſtinguiſned from that red by the above-mentioned operations 
from animals: and may therefore be uſed in all kinds of experiments, for 
the ſame purpoſes. And hence, we learn the nature of elementary earth, 
which enters as a principle into the compoſition of animals and vegetables; 
in both which the ſeems to be the ſame, without any conſiderab'e 
difference: for, teſts may be made as well from the waſh'd aſhes of vegeta- 
bles, as from the pureſt earth of animals, whether it be of fiſh, birds, beaſts, 
or their horns, hoofs, fleſh, &c (e). This earth, therefore, has the 
Ame uſe both in animals and vegetables; and affords to both their ſolid ſup- 

port, or a firm baſis for their other elements; all which are united to this 
earth, in order to be fixed, detained and formed into particular bodies : for 

it is the earth alone, that gives to each its form; and if deprived thereof, 
the other principles fall into an uninformed maſs, or become unconnected, 
volatile, looſe, and ſhatter d: the earth being the band of union, that holds, 
ranges and aſſociates the other parts her; and making one body of 
the whole, enables it to perſevere and reſiſt the air, the water, the ſun, and 
a certain degree of heat, without falling aſunder; though itſelf requires the 
aſſiſtance of water, or oil, as a cement to connect its own looſe particles 
together into a ſolid maſs. 

17. We next proceed to inquire after this earth in foſſils; and firſt, in 
foffil falts. If nitre, fal-gem, ſea-falt, or any other pure, native mineral 
ſalts be diſſolved in fair water, and long digeſted in cloſe veſſels, they will 
let fall an earth, not ſoluble in water : if the liquor be now poured off clear, 
evaporated to a pane and ſet in a quiet, cool place, it will ſhoot into pure 
faline cryſtals, of a determinate figure, peculiar to each ſalt. And, if the re- 
maining _ be poured off from the falt fo ſhot, and evaporated as be- 
fore, it will thus afford ſaline ſhoots, tho? Jeſs pure than the former. By 
repeating this operation till no more ſalt will ſhoot, an unctuous faline li- 

uor remains behind; which, when dried ſtrongly, (for it grows dry with 

ifficulty) affords ſome earth, that eafily relents in the air, into an auſtere 
iquor, In each of theſe operations a little pure earth is always procured ; 
which at length amounts to a conſiderable proportion, though the ſalt were 

a pure foſſil one: and if the ſolution and cryftallization be often repeated, 

falt becomes volatile, and vaniſhes inſenſibly into the air; leaving 3 
. mere 


Earth in 


: 


3x T.) See Lax. Ercher of uu and copeh, 
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mere earth behind; as was known to the ancient chemiſts, and is confirmed © 


by the moderns (f). 
18. If any of the above-mentioned pure foſſil ſalts be dried, reduced to By diflilla- 


powder, and well mixed with thrice their weight of bole, brick-duft, or u. 
clean earth, and committed to diſtillation in a ſtrong fire; they thus ſepa- 
rate into an acid, volatile, corroſive liquor, and a fixed part remaining at 
the bottom of the veſſel, _ with the earthy ſubſtance wherewith it wag 
mixed : if this fixed part be ſeparated from the earthy matter by boiling 
in water; and the liquor be filtered and cryſtallized, it affords a falt, like 
ion; tho? nitre thus proves ſomewhat alca- 


that firſt employed in the N 
line. The ſalt, ſo generated, being again cryſtallized, diſſolved and inſpiſſated, 
affords much earth, like the former : the acid liquor alſo, obtained from 


this falt, being rectify'd by a ſecond diſtillation, leaves a yellow ſubſtance 
behind; which, when dry, likewiſe affords ſome earth: whilſt the acid 
ſpirits, thus prepared, and deprived of all their earth, are fo volatile, as in 
the open air, continually to go off in light fumes, that can ſcarce be con- 
fined z as we ſee in ſtrong aqua-fortis, ſpirit of nitre, and ſpirit of ſalt. 
Hence it might be ſuſpected that all the acid ſalts above-mentioned, are 
highly volatile, or would not naturally reſt in our air, was it not for the 
earth that fixes their volatility, by cloſely adhering to them: and thereforg, 
that all ſimple, acid, and alcaline falts are conſtantly volatile, when pure ; 
and always fixed, when znited with earth. But before this concluſion can 
be made, we muſt conſider, that oil of vitriol, and oleum ſulphuris 
campanam, remain fixed in five hundred and fixty degrees of heat ; hot 
before rendered pellucid and freed from their faces by re diſtillation, 
This indeed may proceed from the intimate mixture of ſome other body 
along with theſe acids, or a body either of a metallic ar a terreſtrial na- 
ture, ſo as not to be eaſily ſeparated ; fince in the diſtillation, theſe acids 
fill the receiver with a very volatile fume, which flies ſwiftly into the air, 
and proves a noxious vapour, when any crack, by accident, happens to the 
diſtilling veſſels. Again, we muſt conſider that the moſt volatile acid ſalts, 
united with the moſt volatile alcali, turn to a compound half-fixed ſalt; 
and this, without the aſſiſtance of any fixed earth. On the other hand, alum 
by ſolution and filtration, as above, becomes more volatile, and affords a 
copious earth; yet if afterwards diſtilled, it affords a volatile noxious ſpirit, 
and leaves much calcarious earth behind. With this view, I have diſſolved 
vitriol in water, digeſted the ſolution, and thus obtained a very large pro- 
portion of yellow ochre: and upon repeating the proceſs of ſolution, cryſtal- 
lization, and ſeparation ſeveral times over, the greateſt part of the vitriol 
vas turned to this yellow calxz whilſt another part flew off into the air, 
leaving only a thick auſtere unctuous liquor behind. The ochre thus obtained, 
not proper elementary earth, but approaches rather to the calx of iron ; 
for tho' in other reſpects this analyſis of vitriol reſembles the preceding opera- 
tion: yet the calx thus obtained turns to iron in a fire ; or to copper, 


| if the vitriol were blue. Whence it cannot be inferred, that earth enters the 
compoſition of theſe metals: nor do I remember to have ever procured true 
die 2 9 2 earth 
V See Du Hamel, Hift. Acad. Roy. Ed. 2: P. 16. 17. 
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earth from any metal: what is eſteemed fo, being convertible into glaſs; 
| which ſhews it is of a metallic rather than a terreſtrial nature. 

From fluid 20. The liquid foſſil ſulphurs, as aſphaltum, bitumen, naphtha, petroleum, 

and ſolid ſul. &c. upon burning, afford black and acid ſoot and ſmoke; and when con- 

urs. ſumed, leave ſomewhat earthy behind them, which by farther calcination 
turns to a calx, from whence pay earth may be obtained, like that of ani- 
mals, vegetables, and the ſaline foffils. So, if brimſtone be ſublimed in 
cloſe veſſels, it leaves an earth at the bottom ; but ſcarce any at all, if 
the ſublimation be repeated: and if pure ſulphur be mixed with an equal 
quantity of fixed alcaline ſalt, by melting over the fire, and be then ex- 
poſed to the air, it runs into a liquor, which lets fall a confiderable propor- 
tion of true earth to the bottom; and this earth may be owing to the alkali, 
But, on the other hand, we are to remember, that the oil, which by mixing 
with the foſſil acid, makes ſulphur, contains much earth: whence alſo it is pro- 
bable, that this earth may be thus regenerated in the reſolution of the ſulphur, 

Whithe 21. The antient chemiſts ſuppoſed metals chiefly conſiſted of 2 

earth be con- and another principle, which rendered it malleable, and that theſe two were 

tained in me- the only principles of gold and filver in particular; whilſt in the other me- 

tak. tals, there was beſides added a certain unctuous inflammable matter, 
in their firſt formation: but the moderns, from their own experiments, eve- 
Ty where ſpeak of earth, in the reſolution and compoſition of metals, as a 
vitrifiable ſubſtance, affording a firm baſis to metals; tho' I conceive the 
earth, they here mean, is not our elementary earth, which I never could 
obtain from metals (g). 

Is quickfl. 22. If quickfilver, in its native form, as it comes from the mines, be ſtrain- 
wer. ed thro? leather, it ſeems to leave a little earth behind; and if now diſtilled 
5 in a clean glaſs retort, it leaves but little feces, inconſiderable in weight, and 

ſcarce deſerving the name of earth, in the ſenſe we have above defined it. 
If quickfilver, thus purified by diſtillation, be put into a ſtrong veſſel of green 
u, well ſtopped down, and ſhook for a long time, as it may commodiouſ- 


y be, by faſtening it to the fails of a wind-mill, a large part of the quick- 
filver will thus at length be changed, without any addition, into a grey or 
black heavy fine dry powder; which is an admirable remedy in caſe of 
malignant ulcers, and, as ſome imagine, undiſſolvable in any liquor, From 
this curious experiment, performed by M. Homberg, ſome have imagined 
that true earth 1s' thus generated from the body of pure mercury, by bare 
mechanical motion; whilſt others rather judge the quickſilver in this experi- 
ment depoſites the terreſtrial part, which nature added in its compoſition; 
ſo that the mercury, purified by this ſeparation from its indolent earth, was 

d to become more active, and fit for the purpoſes of alchemy, as be- 
ihg the mercury of the philoſophers; but this powder is not elementary 


wy 


bs ) The calces of metals are ſomething ve- excellent Mr. Boe, with great probability, 
ry different from pure, elementary earth, tho“ ſhews them to be the magiſteries of metals, 
probably united with a proportion thereof, and has frequently reduced them back from 
Theſe are very apt, per ſt, either with a ve- this their di I ſtate, to that which is na- 
hement heat to return to metal again, or elſe "tural to them. See bis Diſcourſe upon Fire and 
to run into glaſs; which is not the p Flame. 

of pure virgin earth, devoid of ſalts. The 


9 _— 


ments, muſt acknowledge, that the powder ſo procured is not earth, but an 


converted to glaſs, and made to reſemble earth; yet it always, by reduction, 
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earth, nor a principle of native mercury; as appears by calcining it; in 
which operation it undergoes ſeveral ſucceſſive changes of colour; and again 
from its highly medicinal virtues in ulcerated cancers. But farther, this 
powder is diſſolvable in ſeveral menſtruums, and may be reduced to true 
quickſilver again. I have long operated upon this ſubject ; and find it ex- 
tremely hard to diſcover earth in mercury; but as eaſy to learn, that it may 
change it ſelf into a thouſand forms, and impoſe upon the unwary, whilſt it 
ſelf remains real mercury at the bottom. | 
23. Neither is earth to be eaſily found in the other metals, all whoſe cal&es ether 5. 
are of a metallic nature; for, tho they may be infipid, ſcentleſs, pulverable bande from” 
and light; yet, if mixed with flux-powders, and melted in the fire, they re- her metall. 
cover their metallic form: whence they can by no means be reputed earth; 
otherwiſe it would thus be eaſy to convert earth into metals. And again, 
when metals are thus calcined, they may by the fire, with the addition of 
other bodies, be changed into glaſs; which is not the property of ſimple 
earth, It muſt however be acknowledged, that the impure metals, eſpe- 
cially iron, may, by an artificial analyſis, be brought to afford ſomething ap- 
Pg to an earthy nature; tho? this is ſmall in quantity, and not true 
earth. | 
24. Upon this occaſion, I will relate the ſucceſs of the pains I have for a long Rt of ma-- 
time beſtowed upon the examination of metals. If gold,  filver, copper, 9 experiments 
tin, or lead, be prepared after a certain ſimple manner, and exactly mixed .. 
with pure quickſilver, fo as to be thoroughly diſſol ved, then long digeſted, 
and laſtly well ground together ; the mixture, thus treated, will afford a large 
quantity of very black, fine, inſipid, ſcentleſs powder, like that obtained from 
mercury; and this powder being waſhed away by water, the metallic maſs 
will be left pure: which, being treated again in the ſame manner, affords 
more of this powder; tho? the aperation be repeated for years, as I have of- 
ten tried. If this proceſs had been performed by thoſe who aſſert earth to 
be contained in metals, they would probably produce it as a demonſtra- 
tion; but I, who have hitherto in vain endeavoured to finiſh theſe experi- 


extraordinary metallic production of admirable properties, richly deſerving to 
be inquired into; for, tho? ſcarce any true earth can poſſibly be obtained from 
this metallic powder, yet many other very unexpected things may. When, 
I carefully recollect the experiments I have made upon this ſubject, I durſt 

almoſt affirm, that gold, ſilver and quickſilver, naturally contain no earth; 
but are of ſuch a nature, that tho* divided into their leaſt poſlible particles, 
they conſtantly remain fuſible and malleable. I can ſay of gold, that by. 
means of foſſil acids, I have brought it into a liquor; that IL. have formed it 

into a ſoft paſte ; that I have ſeveral ways reduced it to a calx ; that it may 
eaſily be turned into a volatile purple oil, changed into a butyraceous ſubſtance, - 


returned to the ſame unchanged gold, neither increaſed nor diminiſhed in 
weight, or any other property. I have diſtilled gold with quickſilver, an 
incredible number of times over, but always found the ſame gold behind; | 
and have conſtantly had the like ſucceſs with quickſilyer. Whence . | 
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e a, ew" for the antient alchemiſts, who plainly aſſert, 
that gold and filver proceed from nothing but pure quickſilver, and a conden- 
fing ſulphur; whilſt the other metals are formed of a leſs pure mercury, and 

Aa — ſulphur, differently combined. 8 
Corollaries 25, From the 1 hiſtory of earth, we may draw the following 
From the hiſto- concluſions: (1.) That the fame ſimple elementary earth contributes as a 
Y ef earth. conſtituent principle, to form the particular corporeal fabrick of animals, ve- 
etables, and ſome foſſils of a leſs t and leſs ſimple nature; and in 
f | voy all, ſerves as a firm baſis to their form: whilſt it unites the other 
Affimilation principles to it ſelf, and to one another, ſo as to conſtitute one determinate 
and propage- individual; at the ſame time, and by the ſame means, — detaining o- 
l. ® ther particles, of themſelves too volatile, and keeping them from flying off; ſo 
as to preſerve the duration of the individual for ſome time, both in the whole 
and every part; whence the texture of theſe bodies is not eaſily or quickly 
diſſolved by the natural action of the air, water, fire, or their own juices, 
And hence the property of aſſimilating other ſubſtances into the nature of 
every body that receives nutriment, and conſequently, the ſeminal property 
of producing their like, is principally owing to the efficacy of this earth, in 
conſtituting the 1 ſtructure of each individual: for theſe properties no 

longer remain 
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the particular texture, depending principally upon the 
ee.nrth, is deſtroyed or wanting in any 1 

Bodies hawing 26. ( 2.) And hence all thoſe bodies, which have the ſame earth for their 
the ſame principle, remarkably agree with one another in this reſpect; and generally alſo 
earth, cor- in their other concurring principles. Thus all anima's agree, in many re- 
* ſpects, with each other; > likewiſe do all vegetables. The principles of ani- 
ech eber. mals are daily changed into the ſubſtance of vegetables; and the bodies of a- 
nimals, on the other hand, are conſtantly nouriſhed and ſupported by vege- 
tables, taken in as food, and aſſimilated ; and the ſame holds likewif. of ſe- 
veral ſalts, having the ſame earth: thus nitre and ſea-ſalt, which contain this 
ſame earth, are not remote from the nature of our bodies ; and hence fixed 
alkalies, taken in a ſmall quantity, are eaſily changed into our ſubſtance : for, 
if uſed by a perſon. in health, at due diſtances of time, they loſe their own 
fixed nature 1n the body, and manifeſt no fixed falt in the urine : whence we 
ſee thoſe bodies which have this ſame earth for their principle, are eaſily 

changed into one another. 
Tron wearer s 27+ (3-) Thus iron, which of all the metals approaches the neareſt to the 
earth than o- nature of vegetable and animal earth, is the moſt intimately received by the 
ther metal. bodies of vegetables and animals, ſo as perhaps to be digeſtible therein; 
whence it becomes an admirable and — 22 medicine: whereas the 
other metals work with violence, as having not this earth, but quick- 
ſil ver for their bafis ; whence they appear to be unchangeable or undigeſtible 
in animals or vegetables, and either foreign or noxious to the bo- 
4 ſo that if they ſometimes do ſervice in obſtinate diſtempers, not to be 
by other means, yet in other reſpects they ſeem to be inſuperable 


dy the vital 


powers. 


28. 
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28. (4.) If therefore there was to be no ſuch thing as earth or quickſil- Earth and 
yer in nature, perhaps all the bodies we know would be only volatile, move- quick 

able particles, or floating atoms, ſo ſubtile as not to be cognizable by our — of 
ſenſes. Thus the alchemiſts affirm, that the metallic ſulphur, before it fixes bodies. 
mercury, and is fixed by it, is of all bodies the moſt volatile and ſubtile : 

and that the like holds of other bodies, with reſpect to the fixing earth, has 

been ſufficiently ſhewn above. 

29. (5.) Earth affords us the principal inſtruments and veſſels employed in Chemica! 
chemiſtry z far all glaſs contains much true terreſtrial matter, united to the 47 1 
fixed alkaline ſalt; and therefore owes its origin to earth, As for earten 
veſſels, china, chalk, Sc. tis plain they chiefly conſiſt of earth. 

30. (6.) Again, pure earth, if mixed in a large proportion with fixed Earth fixes 
ſalts, prevents them from melting in a violent fire, as they would otherwiſe li. 
do, and at the fame time renders them volatile: thus pure ſalt of tartar melts 
in a ſtrong fire, and long remains fixed therein, excepting that it runs thro? the 
pores of the crucible ; but, if well mixed with thrice its weight of pure 
carth, or calcined bone, it does not melt, but ſoon flies off: ſo likewiſe nitre 
and ſea- ſalt, ſeparately committed to a ſtrong fire, flow and remain fixed, e- 
ſpecially ſea-ſalt ; but, if mixed with earth, they do not melt, but become 
volatile, and change into acid ſpifits { 

31. (7.) Pure earth is alſo of principal uſe in rectifying the volatile ſalts of Parifes vole- 
animals or vegetables, and perfectly freeing them from the oil which is apt te- 4 /«4r. 
naciouſly to adhere therein, and foul them. The way is, to mix the earth 
with theſe ſalts, rendered impure by the adheſion of empyreumatic oils, and 
gently ſublime them; whereby they riſe perfectly white, and depoſit all their 
oil in the earth: a ſeparation that could not otherwiſe be ſo eaſily made. And 
the purer, the drier the earth is, and the larger proportion it is uſed in, the 
more perfectly this operation ſucceeds; eſpecially if the ſubliming veſſel be 
= and the fire gentle: which contrivance was formerly kept as a great 
rct, . | 

32. (8.) The intermixture of this earth produces ſuch a change in many Uſfe/ in di. 
bodies, as to deprive them of that flatulency which cauſes them to rarify and Hillatteni. 
ſwell in diſtillation, and thus come over into the receiver, ſo as to fruſtrate 
the operation; as is the caſe in honey, wax, c. if diſtilled alone: but, if 
mixed with a proper quantity of earth, which breaks the tenacity of their 
e and ſets them farther aſunder, they are commodiouſly fitted for diſtil- 

tion. And this holds not only of ſuch viſcous bodies as honey and wax, but 
iſo of blood, eggs, urine, &c. towards the end of the operation, when the 
more volatile part is come over, and the remaining part comes to be urged 
with a ſtrong fire; whereby the whole maſs, now grown of a pitchy nature, 
apt to expand, riſe at once into the neck of the retort, block it up, and 
burſt the veſſels in a dangerous manner: which may be prevented by throw- 
ing an earthy powder upon the matter thus to be treated 3 whence the ad- 
dition of earth is of great uſe in the making of phoſphorus from inſpiſſated 
urine, with the utmoſt violence of fire, 
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33. (9.) What is here ſaid of elementary earth, cannot be applied to com- 
mon ſand, which many unjuſtly take for earth. Sand appears, by the 
microſcope, to be ſmall tranſparent cryſtals, with many ſides, and of very 
different figures; and with fixed alkali turns to glaſs in the fire: by 
means of ſand, water gains a paſſage thro' the interſtices of the foil, in 
order to its fertilization; whence, without this intermixture of ſand, the ſoil 
would ſoon become of a ſtony hardneſs, for want of water. So likewiſe 
boles, and the medicinal earths are compounded bodies, and not the elemen- 
tary earth we here ſpeak of: tis plain they often contain ſomething unRuous, 
faline, aſtringent, aluminous, or vitriolic, whereon their reſpective virtues 

depend. When water and fire have exerted their utmoſt action upon theſe 
de they approach nearer to true earth; and at the ſame time loſe their 
medicinal qualities. Much leſs are we to imagine common earth, or the 
ground we tread on, to be our chemical or elementary earth; whilſt that is ſo 
mixed a body as to contain clays, boles, ſand, ſtones, water, air, oils, ſalts, 
and the principles of diſſolved animals and vegetables, all wonderfully mix- 
ed together; whence we take it for a chaos of all the elements, and all the bo- 
dies compoſed of them, 
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of MENSTRUUMS. 


SECT. I. 


Of Mx nsTauuMs in general. 


l E paſs on now to another part of our buſineſs ; for having con- 

fidered the four firſt inftruments of art and nature, we muſt 

| come to a fifth, which is reckoned almoſt peculiar to chemittry ; 

being that wherein chemiſts place their chiefeſt excellence; and whereto they 
aſcribe the greateſt effects of their art; viz. menſtruums, 

2. The term is a barbarous term; and denotes a body, which, when arti- Menfruun, 
ficially applied to another, divides it ſubtily ; ſo that the particles of the ſol - % 
vent remain thoroughly intermixed among thoſe of the ſolvend. This de- 
finition I principally admit, to diſtinguiſh accurately the manner wherein men- 
fruums act, Arent, from the other ſolutions of bodies, which chiefly hap- 
pen in a mechanical manner; where the ſolvent recedes from the ſolvend, 
and is not _reciprocally diſſolved thereby: fo that, after the ſolution, they 
ſeparate from each other, according to their different ſpecific gravities. 

3. The reaſon why this ſolvent was called a menſtruum, is, becauſe the che- The reaſon of 
miſts, in its application to the ſolvend, firſt uſed a moderate fire, for a phi- the term. 
loſophical month, or forty days; and hence called the ſolvend a menſtrual 
ſolvent, and at length barely a menſtruum. * | 

4. It is therefore the property of a menſtruum, to be it ſelf equally diſſol- Property of « 
ved, at the time it diſſolves the ſolvend. And this property obtains in all Hum. 
ſolutions performed by the means of menſtruums: but when the ſolution is - 
perfected, it may happen, that the ſolvent and ſolvend ſhall ſeparate. And 
Helmont writes, that in thoſe ſolutions performed by the alcaheſt, the ſol- 
vent and ſolvend ſeparate into two diftin& parcels, the one reſting u 
the other ; but otherwiſe, this ſeparation is ſeldom found in ſolutions. e 
divided parts therefore of the ſolvent, muſt infinuate themſelves among the 
parts of the ſolvend, ſo as to divide and diffolve the body : and hence it ap- 
pears, that this action of menſtruums differs from all mechanical ſeparations, 
where the dividing inftrument remains entire and whole, both in the act of | 
Of ſeparation, and afterwards ; as we evidently ſee in the caſeof a knife, ſword, ſaw, 

hercer, Sc. for all theſe inſtruments, whilſt they divide, are not themſelves di- 
vided, but remain almoſt the ſame as before. E to confider the mat - 
ter eloſely, there may be room = ſuſpe&, that the ſingle particles of a men- 

| rr ſtruum 


Menfiruums 
divided, 
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| ſtruum act, in ſolution, like the above-mentioned mechanical inſtruments; 


in which caſe, each particle of a ſolvent would have its proper ſize, figure, 
hardneſs and gravity, and act by theſe properties, which may be fo far 
called mechanical. And here it will always be found, that every menſtruum, 
whilſt it diffolves, and becauſe it diſſolves, is neceſſarily divided into particles 
ſo ſmall as to be inviſible; and muſt therefore be fluid in the action: and, 


at the inſtant when the diſſolution is performed, the ſolvend alſo muſt be 


diſſolved into a fluid; and conſequently, in the time of ſolution, the ſolvent 
and ſolvend become one fluid. 

g. We muſt alſo obſerve, that many menſtruums, before they act as ſol- 
vents, are hard and confiſtent bodies; and, ſo long as they remain in this 
form, cannot act as ſolvents : but the cuſtom has however obtained, of 

iving them the name of menſtruums. Whence the chemiſts of all times 
ive ſaid, that ſome menſtruums are ſolid and others fluid; and this di- 
viſion may be eſteemed juſt, according to the diſtinction above delivered. 


7. Ieto the dry 6. Therefore, (1. ) the dry and ſolid menſtruums may be again divided. into 
kind, before their claſſes; the firſt whereof we make the fix metals; gold, lead, filver, cop- 


ſolution. 
* 


cd, ſo as to make an apparently homogeneous maſs; every 


per, iron, and tin; which, when cold, are hard and ſolid, but act upon one 
another after being fuſed in the fire: whence they may be intimately mix- 

particle whereof 
holds the ſame proportion of a different metal, as the * N For if ten. 
ounces of ſilver be mixed, in a ſtrong fire, with an ounce of gold, a maſs of 
eleven ounces will thence be obtained; a grain whereof being given to an a{- 
ſay-maſter, he. will re that it contains one eleventh part gold, and 
ten parts ſilver. Another thing till more remarkable. is, that it ſhould 
be poſſible, by this means, to divide, gold ad infinitum: for if a hundred 
thouſand parts of melted filver were mixed, in the fire, with one of gold, and 
the leaſt particle of the whole maſs be examined by an aflay-maſter, as above, 


the event will be the ſame : which ſhews the wonderful 1 85 metals have 
par 


to divide one another by fuſion. Thus we ſee, that the lea ticle of gold 
may be expanded thro* an immenſe maſs of filver, fo that every the leaſt 


_ aſſignable particle of the ſilver ſhall always contain a proportionable particle 


of gold; and this, whilſt the particle of gold remains unchanged amongſt the 
A net parts of the ſilver. Hence we may learn, with what properties 
metals were originally created; and find. ſomething in them that will for ever 
remain incomprehenſible to men. Perhaps it is with regard to this property, 
that the chemiſts {6 often repeat, that metals can only be opened by metals; 
that nothing but one metal can intimately enter and mix with another; 
and that the inner mercurial part of metals is a thing of infinite ſubtibty, 
and always the fame. (2.) The ſecond claſs of ſolid menſtruums are ſemi- 
metals; ach as antimony, biſmuth, cinnabar, marcaſites, and zink ;. which 


alſo, like metals, melt in the fire, and mix and divide one another to a fur 


prizing degree. They may alſo be thus mixed with metals in the ſame man- 
ner; ciunabar, inderd, with more difficulty, the reſt with Jeſs: but when 
thus med with metals, the metals remain no longer malleable, ſo. that they 
may be eaſily reduced to powder, thoꝰ ever ſo ductile before; and this happens 
even in the leaſt particle of a metal: which is another ſurprizing particular. (3 N 


E —_—_ = > + ——— DÞDOQ oc cis. 4 
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In the next place, come all the dry ſalts; as alum, horax, nitre, fal-ammo- 
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niac, ſea- ſalt, vitriol, fixed alkali, and mercury- ſublimate; for all theſe, 


when actuated by the fire, or fuſed, have wonderful effects as ſolvents, and 
often ſuch as cannot otherwiſe be obtained. They are alſo fubtily divided by 
the fire; and intimately mix, not only with one another, but alſo with me- 
tals, ſemi- metals, and other things. (4.) In the fourth place, come hard, 
foſſil, ſulphureous bodies; ſuch as ſulphur-vivum, common brimſtone, arſe- 
nic, orpiment, and cobalt; which manifeſt a wonderful property in the fire, 
and thus mix with one another, and with other bodies ; and have ſuch parti- 
cular effects as ſolvents, that the like can ſcarce be produced by any other 
means. (5.) In the laſt place, we reckon thoſe foſſil bodies, which the refi- 
ners call cements; and which conſiſt of falts, ſulphurs, and brick, reduced 
to dry powders, and ſtrowed betwixt plates of metal, in order to raiſe their 
colour, or ſeparate one metal from another. | 
7. There are ſome menſtruums, which being left to themſelves, after ha- 
ving performed the ſolution, concrete into a hard maſs, that appears of a 
ſimple uniform nature. And this apparent fimplicity is often ſo great, that 
the maſs ſeems pure, tho* made up of various things. If lead be melted 
at the fire, and mixed with melted tin, they unite as water with water, or 
mercury with mercury ; and this holds in whatever proportion theſe two me- 
tals are mixed. When the mixture is viewed fluid in the crucible, no differ- 
ence appears; and when cold, they make but one homogeneous, ſimple, ſo- 
lid maſs: the caſe is alſo the ſame in all the metals, and in ſome of the 
ſemi-metals before enumerated. _ Thus, if a pound of tin be melted in the 
fire, and a ſcruple of regulus of antimony be added thereto, the maſs, when 
cold, will appear uniform; but become in every part ſo brittle, that the leaſt 
icle thereof will not be found to have the natural malleability of tin: and 
in every the leaſt particle of the maſs, a proportion of the antimony will always 
be found. So fixed alkali unites with ſand in the fire: and there are numerous 
examples to the ſame purpoſe; in all which the ſolvent and the ſolvend 
are mixed in their ſmalleſt particles, and concrete together, ſo as to afford a 
new body, wherein no one could diſcover that different parts were concre- 
ted together, unleſs he knew the origin of the maſs, or by other experiments 
reſolved it into its component parts. So ſulphur and ay; by being ground 
together, turn to a black and dry powder; which being ſublimed by a ſtrong 
fire, makes an apparent fimple body, called cinnabar. We muſt alſo ob- 
ſerve, that many fluid ſolvents intimately diſſolve ſome ſolid maſſes ; and 
when the ſolution is over, become a hard, and, in ſome caſes, a dry 
body. Thus, not again to mention the caſe of mercury and ſulphur, we ſee 


that almoſt all the menſtruums of metals unite with their reſpective metals 


into ſolid vitriols; and thus ſtrong diftilled vinegar, when it has diſſolved 
ſhells, chalk and ftony matters, Te tes from its water, and, together 
with the bodies it diſſolves, forms a dry and hard maſs. 

8, But there are numerous menſtruums that have a liquid form before 
they act as ſolvents ; ſuch are all thoſe commonly called menſtruums i 
chemiſtry 3 as vinegar, water, ſaline, acid, alkaline, and compound ſpirits, 
alkaline oils per deliguium, &c. _ as all theſe are liquids, their * 

* b rr2 


(2.) 


Dry after e- 


ulion. 
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Fluid after g. In the laſt place, there are menſtruums which become liquid after their 
—— action of ſolution is over, and remain ſo along with the ſolvent. This is no 


where more evident than in the diſſolution of five of the metals with ſimple 
mercury; for when theſe are properly mixed, they make a ſoft paſte, which 
may be diluted indefinitely by the addition of more mercury: but to make 

this amalgam. hard again, there is ſcarce any known method among the che- 

miſts; he that can do it, will be an excellent, and perhaps à rich artiſt : but 

the taſk is difficult. * Moreover, all the liquid acids, after having diſ- 

ſolved metals in a large proportion, long remain moiſt, and cannot eaſily be 

dried ; whence many have imagined theſe ſolutions to be fixed metallic oils, 

and in vain ſought great ſecrets therein: tho? it is no more than a way of 
collecting acid falts in a large en about metals. But there are nume- 

rous ſolvents which remain in a liquid form with their ſolvends; ſo that we 
"E need dwell no longer upon this point. x 
The ain , 10. By conſidering theſe different kinds of menſtruums, it is eaſy to obſerve, 
menfiruums. that many of them unite bodies, as well as ſeparate them into minute parts 
for we frequently find, that the particles of a menſtruum, after. by their ac- 

tion they have diſſolved the ſolvend, preſently join with the particles 

thereof, ſo as to produce a new compound, often very different from 
the nature of the ſimple reſolved body. We muſt, however, allow, 

that the parts of the ſolvent, after its concretion, no longer touch one ano- 

ther; but are ſeparated by the interpoſition of the particles of the matter diſ- 

ſolved. Again, the ſeparating T which before conſtituted the ſolvend, 

er, by 


are now ſeparated from each 0 the interpoſition of the particles of the 
ſolvent every where between them. Fram this diviſion, ſeparation and new 
concretion of he us parts, there ariſes. a great number of new bo- 
dies by the means of menſtruums. But this happens ſo much the more re- 
markably, when only certain of the ſolvent and ſolvend are united; 
whilſt, by the ſame action, o are rejected in this new concretion, and 
appear in another form. | | 


Further con- II. Hence therefore it is plain, that the parts of menſtruums apply thew- 
fadered. ſelves to the of the ſolvend ;. and that this union principally happens at 
5 the time the ſolution is performed: whence a certain cauſe is here required to 
hw... make the particles of the ſolvent fly from one another, and approach the pare 
ticles of the ſolvend, rather than remain in their former ſituation, And the like 

cauſe ſeems to be required, to make the particles of the ſolvend, now ſeparated 

by the action of the ſolvent, remain united with the parts of the menſtruum that 
made the ſolution ; rather than, after the ſolution is made, to ſuffer the diſſolving 

and e qrrckey to unite, by the affinity of their own nature, into ho- 

maogeneous bodies. This deſerves to he carefully conſidered, and remembred. 

_ 1 12. And here, whatever the cauſe is, it muſt be ſought as well in the ſol- 
Penn the 6. vend, as in the ſolvent; for the action is reciprocal. Thus, whilſt ana- 
ext and fal. regia diſſolves thrice its weight of gold into a yellow liquor, the parts of the 
vend.  diffolved gold remain united with; thoſe of the agua-regia. z. ſo that the par- 
ticles of gold, tho, cigliteen times heavier than, aque-reg/a, remain füfferd 
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therein: whence there muſt evidently be a certain mutual corteſpondin 


power between each particle of the gold and aqua-regia, whereby they — 
tually act upon, embrace, and detain each other; otherwiſe the particles of 


the diſſolved gold would fall to the bottom, the ſaline particles reſt thereon 


diſtinct, and the water float ſeparate over them both: whereas they all three, 
tho fo different, unite together in the form of one ſimple uniform liquor. 

13. If we were to deduce the cauſe from ſimilitude of ſubſtance, the action of Owing rather 
diſſolution, fo far as it is hitherto known, ſeems to be performed by a cer- 07/5 bu nh 
tain power with which the parts of the menſtruum endeavour to attract the % _ 
diſſolved parts, rather than to repel them. We are not therefore to imagine 
this is a mechanical action, or an unfriendly commotion; but rather an ap- 
petite of union. This, I confeſs, ſeems paradoxical ; but the phænomena of 
ſolution appear on its ſide; Thus, let any violent ſolution be conſidered ; and 
the agitation, heat, hiſſing noiſe and tumult will be found to continue no 
longer than till all the parts of the ſolvend are united with thoſe of the ſol- 
yent z at which inſtant there enſues a perfect quiet: as-remarkably appears 
upon throwing a piece of iron into weak aqua-fortis. 

14. We — not omit to obſerve, that the whole ſolvent never acts at once This ad 
on the whole ſolvend; for only thoſe particles of the ſolvent which touch ive. 
ſome others of the ſolvend, firſt act in diſſolving: and theſe being. ſepara- 
ted, freſh particles of the menſtruum apply themſelves to others of the ſol- 
vend, and act thereon. = F | 

15, T — the menſtruum acts upon that part of the body which it Excite: i. 
ſtrikes off and ſe : but whilſt this ſeparation is performed, there % 
every where ariſes a greater motion in the menſtruum, on account of 
the conflict made in the ſepatation; and, by means hereof, the other 
parts of the menſtruum are 1 and applied to other parts of the ſol- 
vend that were not before diſſolved. | | 5. 

16. And thoꝰ this agitation be an effective cauſe of ſolution; yet there is an- 7; increaſed 
other which alſo promotes the action, vix. fire. What would be the caſe H fre. 
where this is perfectly wanting, no one can ſay; for it is impoſſible to ex- 
clude ſire from any place, as was ſhewn above: but we certainly know- 
that ſire excites,” promotes, and increaſes the action of menſtruums: for, 
in extreme cold, ſolutions are either not made at all, or ſlowly ; but are 
ſoon performed with the aſſiſtance of heat. = | 5 
1. But here, again, ſome menſtruums require a ſtrong heat to make them Differentbeas 
act, as we ſee in mercury before it will diffolve' metals; and ſome a ſmaller, fi 70 
as we fee in ſal · ammoniac, ſea - ſalt, and falt of tartar, Which eaſily diſſolve in , 
water. And ſome menſtruums act with a moderate heat; but loſe their 
diſſolving power, or even acquire a power of coagulating, by a ſtronger. 
— warm water diflolves the white of eggs, Which boiling water co- 
àgulates. A | 

18. To conſider the manner wherein fire promotes the action of menſtru- 93, yeratizn* 
ums, it appears: (I.) To be by impelling, moving and agitating the ſmall of fe «pon 
particles of the menſtruum, in the way of eee 122 menſtruumo 
(2.) By its, general power of expanding the ſubſtance of all ; 3. 
lepwating the hes; Ya as to ſet them farther aſunder ; and thus heat * — 
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. diſſolves many bodies, joins tho actions of other things with its own, and thus 


acts in conjunction. In all theſe reſpects, therefore, heat increaſes the dilſſoving 


power of menſtruums, and cauſes them to act more advantageouſly ; whence 
it often becomes a neceſſary condition. In moſt caſes, alſo, heat is uſually in. 


creaſed ſucceſſively, during the folution ; which is thereby the better per. 


formed, and commonly found to proceed the faſter, as the heat increaſes, 
And even the action of thoſe menſtruums is increaſed by heat, which gene- 


rate a great degree of cold in the ſolution; as we ſee upon putting fal-ammo. 
2 into water: for in this caſe, if the water be warm, the ſalt diſſolves the 
ooner, 


"oO ee WA 
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The alen of 1. . E changes wrought upon bodies by the diſſolving power of men- 


ſtruums, ſeem greatly to depend upon the minute PRES of the 
um now ſtrongly cohering with the particles of the fo 


me vend; and can 


- ſcarce be attributed to a true and proper alteration introduced by the men- 


ſtruum into the diſſolved particles. I am ſenfible, that eminent authors in 
chemiſtry are of a different opinion; but ſtrict obſervation does not ſeem to 
favour them. For, tho' pure metals, ſuch as gold, filver, and mercury, tho- 
roughly diſſolved by their acid ſolvents, at firſt: appear changed in all their 
parts; yet they may be eaſily ſeparated from their menſtruums, in the form 
of a calx, which being fuſed in the fire, we thus recover the metal again un- 
changed. W hence it appears as if theſe menſtruums had no other effe& upon 


the internal nature of the metallic particles, than that of barely adhering to the 


ſurfaces thereof whilſt divided.: So, if the other metals ſhould be mixed, in any 
proportion, with gold or filver, the nobler metals will always be left pure upon 
the teſt; I have diſſolved gold and filver with mercury, above fifty times over; 
but always when I came to ſeparate the mercury, I found the gold and ſilver 
I had employ'd in the origi nalgam. If ſalts are diluted in any proportion 
of water, they may be recovered unchanged, by inſpiſſation; and this, even 
after having been melted in the fire. And, if oils are mixed with ſalts, th 

may be ſeparated again, almoſt pure, Fixed alkalies turn'd to glaſs, wi 

vitriſiable earth, in the fire, may again be ſeparated; and the glaſs reduced 
to its component parts. There are more inſtances of this kind, but theſe 
may ſuffice to intimate, that menſtruums a& in the manner above obſerved. 


The principle . 2, It may here be objected, that ſolution uces new bodies, or ſuch 
feltom cha- as were not to be found before. Thus, if red - lead be diſſolved in di- 
e therely. ſtilled vinegar, there- ariſes ſugar of lead; in which caſe the acid of 


= 
*.+ 
. 


the vinegar is attracted into the particles of the lead; yet when this 
ſalt of lend comes to be diſtilled in a retort, with a ſtrong heat, the 
ſpirit of vinegar is not recovered 3 but a particular liquor obtained, that — 
{311 de 25d cd: ban Bo otters tian big tot a e len et gen 
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burn in the fire, This inſtance is juſt, and there are many more of the 
like kind: but, we muft confider that the parts of the menſtruum once ad- 
hering to the ſurfaces of the diſſolved particles; cannot always clearly ex- 
tricate themſelves again; and frequently not only ftick cloſe, but remain 
united, ſo that they go together, and long continue in a ſtate of com-- 


bination. Hence, operators often imagine that the nature of bodies is de- 


ſtroyed, whilſt there only happens ſuch a ſimple conjunction of un- 
changed particles under a new appearance. 

3. Thus, for example, the blade of a lancet, or knife, when naked, has 
the appearance of the power of cutting; but when remaining in the ſheath, 


has not then the ſame appearance; tho', in themſelves, the knife or lancet is 


ſtill the ſame : and the eaſier they are to be unſheath'd, the ſooner the ap- 
pearance of their cutting power becomes manifeſt; but if the ſheath was: 
to be firmly connected with the blade, we ſhould not ſcruple to ſay that 
the blade was chang'd. So, if a little cylinder of pure ſilver be gilt with 
gold, and put into aqua - fortis; all the filver will be perfectly diffolv'd away, 
and leave the hollow covering of gold entire, floating» like a black film 
in the menſttuum. Whence alſo, the acid parts of vinegar may be ſo united: 
to certain parts of lead, as not to ſeparate from each other upon diſtillation; 
but eaſily riſe together. It would therefore be wrong to aſſert, that the 
acid of the vinegar was thus converted into a new kind of inflammable liquor 
by the contact of lead: it is highly probable, that this difference much 
oftner happens from combination,” than from any change it» the ſub- 
ſtance ; and the like holds alſo in ſeparation : for the ſubſtance diſſolved, 
often conſiſts of very different parts, ſome of which are perfectly taken up 
by the menſtruum, whilſt others are rejected and left ſeparate ; whence, after 
the menſtruum is abſtracted from the ſolution, there remains a different ſub- 
ſtance from what was employ*d as the ſolvend. And hence, without caution, 
one might be apt to infer, that the ſubſtance thus procur'd was a new one, 
produced. by the changing power of the ſolvent ; whereas in reality it is only 
produced by a bare ſeparation. 


495. 


4. Hence we may learn, that the action of all the known menſtruums depends 4% i) motion 
upon motion; however abſtruſe ſome chemiſts may imagine their actions to from A parti- 


be: for if a menſtruum did not change the motion of the parts upon which <#/r 


it acts, thoſe parts would remain as they were; in which caſe the menſtru- 
um, contrary to ſuppoſition, could have no action at all. But it is not eaſy 


to underſtand the phyſical manner wherein this motion is excited by the 


menſtruum; which when alone was · at reſt, as well as the ſolvend till it be- 
gan to be mov'd by the menſtruum: but when, with a certain degree of 


heat, and at a determinate diſtance, theſe two begin to join, a new and 
conſiderable motion immediately ariſes-in both; tho? this motion exiſted in 
neither of them before: the origin whereof, we cannot fairly attribute to 


the common cauſes of motion; ſuch as impulſe, gravity, elaſticity, mag - 
netiſm, Ec, but, there is here a particular cauſe, not common to all bo- 
dies, exerted between the ſolvent and ſolvend. This ſubject ſhould be cares 
fully enquir'd into; for he, who can learn the power of menſtruums, will 


underſtand: the whole-nature-of chemiſtry; and be able to perform — 7 


cauſe, +. 


mechanically. 
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nobleſt ions. We are the more incited to this enquiry, by the au- 
ority of 2 philoſophers, who. conceive that all the actions of 
ies muſt be accounted for mechanically. ö | 
8. When a ſolvent divides its folvend by a mere mechanical motion, 
the particles ot the ſolvent, at reſt before, muſt always, be agitated by 
ſome cauſe, that generates motion in the ſolvent ; which cauſe is general 
fire: and then the particles of the menſtruum, thus put in motion, mul 
ſtrike againſt the ſurfaces of the particles at preſent combined together, 
in the ſolvend; communicate their motion thereto; and thus looſen and 
ſtrike them off from the ſolid; whether this action be exerted upon the ex- 
ternal ſurſace of the ſolvend, or upon its internal parts. And this I take to 
be the only mechanical manner of acting; which tho? it may perform ſome- 
thing 4 yet, perhaps, it is much leſs than men generally imagine. Fluids, 
indeed, every way ſurround, preſs and penetrate a ſolid, immers'd in them: 
but afterwards, ſcarce effect any farther | upon it, by means of 
their uantity, hardneſs, figure or weight. t 1s true, they ma be 
mov'd by the action of fire, and thus act upon the external ſurface of the 
ſolvend ; but this force is ſmall, and always as capable of acting upon 
the fluid itſelf, as upon a ſolid contain'd therein; and, therefore, has no 
particular power of apply ing, compreſſing, and impelling the fluid upon 
the body to be didolv'd : all which muſt 1 upon ſome other cauſe. 
Thus a wedge could never cleave wood by being barely apply'd to it, or 
by being kept floating about it; but muſt firſt be fix*d into the ſubſtance, 
and 1 be driven — b an r 15 = T- not to N 
expected f the particles of a yielding flui t, fu the 
the ſolvent and bol rend already divided by a Be tut Pug ag 
to flow among one another; yet unleſs a farther power be added, the ſe- 
parated parts, at firſt exiſting in a fluid form, will ſoon diſengage and range 
themſelves according to their reſpective ſpecific gravities, and not re- 
main ſuſpended together in the fluid. So, when water by its motion wears 
away metals, ſtones, or other hard ſubſtances, a mere mechanical force thus 
divides them into minute particles; and upon reſting, a fine powder falls to 
the bottom of the water, and cannot even by ſhaking be made to mix per- 
manently therewith,” So, again, when boiling water diſſolves bodies com- 
d of oily -and earthy parts, the oil foon floats to the top, and the earth 
Ils to the bottom: and theſe, indeed, may be called mechanical ſolutions. 
In like manner, rivers, winds, concuſſions of the air from the firing of guns, 
thunder, Sc. have this kind of action; but after the ſolution is made, the 
ſolvent and ſolvend here ſeparate from each other, according to their gra- 
Vvity, as ſoon as the ſtrong concuſſion. . ceaſes. Thus, when - antimony is 
melted in a ftrong fire, along with ſalts and other metallic bodies, the 
whole ſeems to be, thus, intimately mixed; but when remoy'd from the 
fire, a ſcoria riſes to the top, and the pure metallic part ſinks to the bot- 
tom. Repulfion, alſo, may cauſe bodies to ſeparate, after they were mix'd 
together by ſhaking z as we ſee in oil and water, or alcohol and oil of tartar 
per deliguium z where, not only gravity, but alſo repulſion occaſions a ſepa- 
ration, and ſuffers ſimilar things to unite with ſimilar. Some metals alſo, 


when 
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when melted together, do the like; as appears remarkably in M. Homberg's 
method of purifying filver. In ſhort, thoſe menſtruums alone appear to act 
mechanically, which by a bare mechanical motion, arifing from their mag- 
nitude, hardneſs, figure, weight, and impulſe, firſt attenuate bodies, then 
directly ſeparate from them again, according to their ſpecific gravities; by 
which kind of ſolution no great change can ariſe: and, by this mark, 
I judge, we may know whether a menſtruum acts mechanically or not, 
and eafily diſtinguiſh ſuch menſtruums from others. 

6. When a ſolution is performed by any menſtruum, ſo as that the diffoly'd ar. lat. 
particles remain equably mixed with thoſe of the ſolvent, tho? they both, —_— 
at firſt, differed remarkably in their weight; ſuch a ſolution may be eſteem'd 
owing in part to the general mechanical power, which here, almoſt univer- 
fally concurs, but principally to another action ariſing from the particular or 
peculiar property in the ſolvent with reſpect to the ſolvend; and vice versd : 
as by this power the particles of the one attract the particles of the other; 
and thus both are ſeparated from their former concretions, and afterwards 
intermix or unite with each other, ſo as to form numerous new ſpecies 
of bodies. , | | | 

7. Toilluſtrate this by an example; if a ball of ſoft clay be put into water, Ar inſlance 
and ſet over the fire ſo as to boil, the parts of the water now put in motion 9 mechanical 
by the fire, will divide the clay into ſmall particles; and thus mix them eur. 
throughout the body of the water, whilſt the boiling continues, but, when 
the external force of the fire ceaſes, and the water comes to reſt and grow 
cool, all the clay falls to the bottom: whence, I would chuſe to call this 
a mere mechanical ſolution; becauſe, in this caſe, the particles of the water 
being put in motion by the fire, agitate the parts of the clay, without having 
any farther action, after the motion, given by the fire, ceaſes to act. a 

8. But, if a ball of ſal- gem, whoſe gravity is much greater than that of * — 4 
water, be boiled in four times its quantity of water, all the ſalt immediately 73.41 
diſſolves ſo perfectly, as to remain totally imbib'd, ſuſpended, and uniformly 
diffuſed in the water, even after it grows cold and is thoroughly at reſt; and 
this, tho? the ſalt was ſo much heavier than the water: whence it appears 
that there is a power in the water, whereby it in ſuch a manner unites to itſelf. 
the particles of the ſalt, that they cannot be ſeparated from it by their own 
gravity, but remain ſuſpended : whence we have an intimation, that there are — 
fewer menſtruums, which act by a mere mechanical force, than men com- 
monly imagine. Thus water diſſolves ice and water; alcohol diſſolves alco- 
hol ; and fimilar fluids diſſolve ſimilar. But there are various degrees, wherein 
the particles of different menſtruums adhere, cloſer or looſer, with the parti- 
cles of the body diſſolved: whence, again, ariſe numerous differences in 
the corpuſcles produced by menſtruums z ſome. being ſo permanently com- 
pounded, as not to be reſolv'd into the ſimple particles again, of which 
they were compog'd ; whilſt others eaſily let go the parts they had acquir'd | 
in the ſolution: and theſe degrees are almoſt infinite. © Menſflruums 

9. In conformity with what is above delivered, we may divide all the divided'into 
known menſtruums into four diſtin& kinds; with reſpe& to the different e 
manner of their diſſolving. (1.) Thus, under the firſt claſs, I reckon all . ane 

3 Siſ thoſe gf di/olving. 
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thoſe which act by a pure, ſimple mechanical power; and, whoſe action 
therefore, may be explain'd by the ſame mechanical principles, or the com- 
mon powers of acting; which belong to all bodies univerſally : but, theſe 
menſtruums are few, and, commonly, extremely fimple. (2.) To the ſecond 

_ claſs belong thoſe, which whilſt they in ſome mealure act by a mechanical 
motion; yet, at the ſame time, principally owe their efficacy to a certain 
repelling power. (3.) The third claſs are ſuch as chiefly act by a mutual 
attraction between the parts of the ſolvent and ſolvend; which are a ver 
. - large number, and common. (4.) Under the fourth claſs, I reckon all thol⸗ 
menſtruums, which act by the joint concurrence of the ſeveral properties 
above · mentioned; and theſe are the largeſt number of all fince in almoſt 
every menſtruum there is a concurrence of mechanical power, repulſion 
and attraction. And if it were poſſible to claſs menſtruums according to the 
differences of their actions, and, thence to form lower claſſes thereof; che- 
miſtry might thus be brought to rule; and we be able to determine the event 
of every operation, 4 priori: and hence, chemical experiments might be made 
with the greateſt utility, in other branches of natural philoſophy. 
his divifon 10. We ſhall here attempt to give an example of each kind, the better to 
illuftrated, prepare the mind for what is to follow. By way of addition to what is 
viz. (i.) The above ſaid of mere mechanical ſolution ; let us confider the granulation of 
mechanical. ſilyer, by pouring it, melted, into cold water. Take an ounce of pure 
filver, put it into a clean, ftrong crucible, cover it cloſe with a tile, put it 
into a gentle fire, firſt, and when almoſt ignited, give a ſtrong blaſt-heat 
till the filver runs as thin as water: now take the crucible out of the fire, 
and holding it high in the air, pour the fluid metal, by a little at a time, 
into cold water, that riſes. at leaſt a foot in the containing veſſel ; thus the 
parts of the melted filver will enter the water with a gentle hiſſing, and 
upon the firſt contact ſeparate into ſmall grains, and fall to the bottom, 
Without occaſioning the leaſt farther change, either in the filver or in the 
Water: whence we learn, that the melted filver thus divides the water, and 
is divided by it; whilſt neither of them are altered by this diviſion ; but 
range themſelves according to their reſpective ſpecific gravities, if the ſame 
9 are carefully obſerved. The like experiment alſo ſucceeds 
— in d. N . 
(2.) 4 1. But if the like experiment be made with copper, as ſoon as ever the 
The repelling. melted metal touches the water, the whole ſubſtance of the copper inſtantly 
recails and flies off with an incredible force, divided into fuch ſubtile par- 
ticles, as ſcarce; to be found again; the wonderful repelling force, here ex- 
. erted, ſcarce ſuffering any two particles of the metal to remain united. Whence, 
We learn that there may be menſtruums, Which, like the water in the preſent 
I may ſurpriſingiy diſſolve the ſolvend by a repelling power: and, if 
gold, or filver, were mixed with the copper, and melted together, then 
N into water, the effect would be ſimilar. So that experiments of this 
JAR Kind, are not to be raſhly yentured upon, for fear of miſchief. 
% 22. The next example will ſhew, that different bodies unite upon contact, 
The attra#-. and diſſolve each other, Take four ounces of the flowers of ſulphur, pur 
ing. them into an unglaz d earthen-pan, covered with a tile, to prevent the oy ur 
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from catching flame, ſet it over a fire, ſo gentle, as barely to keep the ſulphur 
melted : put fix ounces of pure quickſilver into a ſtrong clean . 
and ſuſpend this bag over the melted brimſtone, which being uncovered, 
gently ſqueeze a little of the quickſilver into the melted ſulphur, and ſtir 
them together, with a heated ſpatula, till thus by degrees, all the quick- 
ſilver is perfectly mixed in; whereby a black, brittle, ſtringy maſs will be 
obtain'd ; which, if viewed thro* a microſcope, ſhines and appears metallic. 
Here we ſee a dry fluid ſolvent, and a dry, hard ſolvend, upon the contact 
of their minute particles, concrete together by attraction ſo ſtrongly, as not 
again to be ſeparated by fire z but upon ſublimation, aſcend united, and 
form cinnabar. Theſe ſubſtances, which thus unite, are very different in 
their origin, gravity, kind, and degree of volatility, and little diſpos'd to 
unite When entire ; yet their particles coming into contact, they retain each 
other tenaciouſly. The cauſes of this union are, firſt, fire, which melts the 
ſulphur, and divides it into its particles. Secandly, the diviſion of the mer - 
cury, by paſling thro the linen - bag, as thro? a fine fieve, and falling by a 


little at a time, into the ſulphur. - Thirdly, the conſtant ſtirring of them 


both togerher. But theſe three cauſes only apply the mercury to the ſal- 
phur. The fourth cauſe, therefore, is a power in both, whereby, when touch- 
ing in many ſurfaces, they attract each other ſo ſtrongly, as to require a 
great force, or a ſtronger attractive of either, before they will ſeparate again ; 
and this mutual attraction is the principal cauſe of the effect. From whence, 
fifthly, ariſes ſo firm a coheſion, as the laſt effect, that tho*-ſublimd in a 
cloſe veſſel by a ſtrong fire, they do not ſeparate into ſulphur and mercury 
in, but riſe in minute particles of cinnabar,” the ſmalleſt of which con- 
fits of ſulphur and mercury united : and, tho? this cinnabar be reſublim'd, 
theſe parts are ſo far from ſeparating, that they are thus more intimately uni- 
ted. Indeed, the cinnabar does not riſe the ſecond time ſo eaſily as the 
firſt; but, in each operation becomes leſs ſublimable, and at length ex- 
tremely fix'd in the fire: whilſt in the mean time, the mercury does 
not fly off, but remains bound down by the ſulphur z and this, tho* the 
fre be violent. Hence, I do not wonder that novices in chemiſtry, upon 
ſeeing this experiment, ſhould expect that metals might be made by the in- 
timate union of ſulphur and mercury in the fire: eſpecially when all the 
adepts expreſly agree, that metals are compoſed of theſe two principles, 
But ſuch novices receive the reward of their credulity : for in all theſe 
trals, the ſulphur. ſtill remains ſulphur z and the mercury returns from it 
unmeliorated, when another dry menſtruum is added, which attracts the 
ſulphur ſtronger than the ſulphur attracts the mercury. Thus, if twelve 
ounces of cinnabar, made ever ſo fix'd by repeated ſublimation, be ground 
8 and well mix'd with an equal quantity of clean iron · filings, then 
Ciſtilled with a ſtrong fire, all the mercury comes over, and falls, in its 
own native form, to the bottom of the water put into the receiver for the 
purpoſe ; leaving behind in the retort a fixed maſs, made by the union of the 
ſulphur and iron: which two, always unite more eagerly than a: 1 and 
mereury. Fix'd alcali may 1 rern iron: for that 2 
0 ade eee Au menen: 19 
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-melted by the fire, diſſolves the ſulphur, intimately unites with it, and ſets 
the mercury at liberty: quick-lime, alſo, will do the ſame. 

13. As another example of a merely attractive menſtruum, take two 
drams of flower of ſulphur, and three drams of mercury, grind them to- 
gether in 'a glaſs-mortar, the longer the better; the mercury will now gra- 
dually diſappear in its own form, and unite to the ſulphur, which alſo dif. 
appears in its form; and from the intimate mixture of the two, a very 
black powder at length ariſes, after paſſing thro? various degrees of colour, 
which mes the more black, the ws the trituration is continued, and 
the cloſer the two ſubſtances are united. This black powder upon reſting, 
ſoon ſpontaneouſly concretes into a maſs, wherein the mercury is cover'd, fix'd 
and detained, ſo as to be thus ſafely given to animals in a large quantity, 
without acting as mercury upon them; nor can it be ſeparated from the 
powder by any other means, than by the diſtillation above-mention'd, with 
iron- fili Sc. and if ſublim'd alone, it alſo produces cinnabar. The alche- 
miſts have confider'd this operation with expectation of gain; calling the 
black powder thus made, the crow's-head ; which is by them ſaid to appear 
in the beginning of their great work, upon the exact union of the two prin- 
ciples, ſulphur and mercury. Here, therefore, we have another example of 
a dry fluid menſtruum, and a ſolvend, divided in their parts by a bare mecha- 
nical rubbing them together, and afterwards uniting by an attractive virtue, 
ſo as not to ſeparate again. y * | 

(a) 14. As an inſtance of the attractive and repellent kind, take a pound of 
An inflance of common antimony, reduc'd to powder, melt it in a clean crucible, cloſe co- 
the attraive ver d, till it runs like water, and diſcharges a copious white fume ; then take 
a the crucible out of the fire, and let it reſt in a quiet place till perfectly cold, 
5 when the ſurface of the antimony will appear rough, unequal, and full of 
holes: then, upon breaking the crucible, you will find the bottom part of 
the maſs ſolid, metallic and ſhining ;; but the upper ny aig white, yel- 
lowiſh, and: lead - coloured. Whence we ſee, that the fire, by melting the 
antimony, had difloly*d its metallic and ſulphurous parts; which, being 
thus ſet free, range and aſſociate themſelves differently, the metallic with 
metallic, and the ſulphureous with ſulphureous, whilſt the metallic repels 
the ſulphureous, and vice verſa - ſo that in this caſe, fuſion by the fire, re- 
fion, attraction and gravity, ated together, whilſt the ſolution was made. 
f this experiment be ſuppos'd not to ſhew the nature of a menſtruum; yet it 
muſt be allow'd, that many particulars may hence be learn'd which happen 
in the actions of menſtruums.  - 

* | /By ſeveral 15. But farther, to ſhew how menſtruums may act by different concurring 
concurring Ways ; take an ounce of ſalt of tartar, and halt an ounce of flower of ſul- 
Ways. phur, heat them, and grind them together quick in a hot mortar, in a dry 

and warm air; put the powder into a erucible, cover it cloſe, and ſet it in 

the fire, where the powder will ſoon melt, tho' the fix'd ſalt, when alone, 

melts with difficulty. Pour the melted matter upon a clean ſtone, where it 
will appear an uniform maſs, that ſoon runs in the air, eſpecially if it be 
round to powder, and thus preſently turn into a red oil: whence we fee, 
Bow ſtrongly a dry menſtruum may unite with the dry body of mow 
whic 
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which alone does not diſſolve in water; but now, by the power of the men- 
ſtruum, preſently diſſolves with the moiſture of the air, which it ſeems gree- 
dily to attract. | 
16. The wing is ſtill a more curious experiment, to the ſame purpoſe. 
Take four ounces of fine antimony, reduc'd to a ſubtil powder, grind with it 
two ounces of hot and dry falt of tartar, in a heated mortar, and a warm and 
dry air, the peſtil alſo being made hot; put the mixture into a crucible, and 
melt with a ftrong heat, that the powder may run thin; then pour the 
melted matter into a melting- cone, and, when cold; knock it out: thus we 
ſhall have an uniform maſs, perfectly mix'd- thro? its whole ſubſtance, by 
flowing in the fire like water, 4 x now reſembling glaſs ; being of an aſh colour, 
acauſtic taſte, and diſſolving in the air into a purple liquor. Hence the fix'd- 
alkali, the ſulphur, and the metallic part of the antimony are, by the action 
of the fire, firſt minutely divided, and then again united into one uniform 
ſubſtance z3- which-rately happens in other caſes. A 
17. Again, take an dunce of pure filver, and three ounces of fine copper, 
melt them in a erucible with a ſtrong blaſt- heat, and a pit- coal fire; when 
perfectly fuſed, pour them into an iron ingot: thus you will have an uniform 
metallic maſs, made by an intimate mixture of the two metals, which cannot 
now again be ſcarce ſeparated, without the aſſiſtance of lead upon the teſt. 
In this experiment, one metal becomes a menſtruum to the other, as ſoon as 
they are both-melted togpthen whilſt each of them coheres more ſtrongly to 
the other, than to it ſelf : for, in every particle of ſilver there is here an uni- 
form, conſtant proportion of copper: and, tho* they differ in weight, they 
do not ſeparate from each other; the fire thus melting and mixing them to- 
gether, without being the cauſe of their mixing ſo 3 This 
operation, therefore, ſhews, that the mercurial part of the ſilver unites it ſelf 
ſo ſtrongly to that of the copper, as not to let it go again; otherwiſe the 
melted filver wou'd fall. to the bottom of the crucible, and the melted 
copper float above it: and thus, after fuſion, divide into two different 
ſtrata; as oil of tartar per deliquium and alcohol, when ſhook in a glaſs, . 
provecy ſeparate, upon ſtanding, into two d iſtinct fluids,” and cannot be 
rought to mix. And here it deſerves to be remark'd, that theſe metallic a 
bodies, whether they concrete in the cold, or melt in the fire, always retain , 
the ſame proportion to each other, in which they:were mid. And theſe 
examples may ſerve to ſhew, how variouſly dry menſtruums act upon each | 
other. | | 
18. If we conſider the doctrine and inftances above deliver'd, we ſhall have a The concur- _ 
different notion of the ſolution of bodies by menſtruums, from that com- 7 wage *4 
monly entertam'd by chemiſts, and ſuch philoſophers as endea vour to ex- — 28 
plain chemical experiments upon juſt principles; who have allconceiv'd, that a : 
certain mechanical acrimony, acting by an univerſal mechanical power, -was 
here the cauſe of the effect: and when they found, that what diſſolved one 
body, would not diſſolve a ſofter, they have invented ſeveral ways to ſolve 
the difficulty and apparent contradiction. But as we purpoſe to enquire into 
nature by experiments alone, we muſt proceed in another manner: and when 
we regard all the circumſtances of this affair, we are firſt to conſider the nature 
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of fire : which being examined, in all its degrees, by 13 we find 
to be an almoſt univerſal ſolvent, as it liquifies almoſt all bodies, if applied 
in a proper proportion to them. For when we riſe gradually, from the heat of 
the body in health, to the utmoſt violence of the focus of a burning con- 
cave, and apply various bodies to the ſeveral degrees, we ſhall find but ve. 
ry few which do not run or reſolve into their minuteſt particles, with one or 
other of theſe degrees: for tho? ſome ſubſtances, as brick, &c. grow harder 
with a certaindegree of heat; yet they vitrify with an intenſe fire, as we ſee in 
melting furnaces. | And altho' a few bodies do not melt in the ſtrongeſt fire 
hitherto known; yet, who can ſay they would not melt in a ſtronger ? We 
muſt therefore acknowledge, that the power of heat is very great and exten. 
five in the action of menſtruums. The mercurial parts of metals could never 


' be ſo uniformly united as they are, without the a of fire. 


Trituration. 


iron ladle, then add to it thrice its weight of pure quickſilver, mix them to- 


19. Again, in order to underſtand the action of menſtruums, we are to 
obſerve, whether any mechanical, ſtrong, or long - continued attrition be 
concern'd; as this may often ly the want of fire, by attenuating, divid- 
ing, and rubbing the parts of bodies together z whence their fine particles 
may act upon each other, and at length intimately unite. Thus, by means 
of M. Langriotte's (a) mill, gold is faid to have been ground into a potable li- 
quor ; upon which ſubject the author has wrote an expreſs treatiſe. And we 
read in M. Homberg's papers, that all the metals, even gold it ſelf, have 
been perfectly diſſolv d, and turn'd to liquors, by long grinding them with 
pure rain- water. 

20, Next, we are to conſider, that bodies may happen to be diffoly*d after un. 
dergoing the operation of fufion, trituration, or feeling the joint efficacy of both: 
for when thus the bodies — eee ee eee and intimately mix d; 
there hence ntly ariſes an opportunity for them to exert a repelling force, 
which —— This being an — in the noe d ptac- 
tice of chemiſtry, we ſhall illuſtrate it by an example. Melt pure lead in an 


ther, and you will thus have a white amalgam, ſhining like ſilver, 

of being kept for years unalter'd: if this amalgam be ground in hs 
mortar, with a glaſs peſtil, the whole maſs ſoon turns perfectly black ; and 
if water be added to it, and ground therewith, then pour'd off, it takes away 
the blackneſs, and leaves the amalgam pure again, and capable of being 
kept as before: but, if ground again, it again grows black; and this, after 
numerous repetitions, as I have tried. Whence it 1s plain, that the mercury 


we find in the Philoephical Tranſec- drops; which, digeſied pry f, or with tarta- 
ions, Ne. 87 an account of a letter written by rized ſpirit of wine, afforded a pure and ge- 
this Dr. For} Langehorre, chief phyſician tothe nuine Aurum potabile. The ſucceſs of this 


— philoſophical mills, are there deſcribed for the 


duke of Ho/fiein, wherein mention is made of operation, the doctor attributes in great mea- 
his way of grinding gold; and two engines, or ſure to the ſalt of the air, which in grinding 
plentifully mixes and unites it ſelf with the 

e ; with one of which, in the ſpace of gold: but this particular he then defigned to 
natural days, he reduced leaf-gold to give farther proof of, in his account of ſome 

a duſky der, and putting it into a ſhallow uncommon experiments made in the labora- 
retort, placed in a ſand-heat, he thence ob- | tory at Gottorp, By means of trituration he 
ezined,” by gradually increaſing the fire, and likewiſe declares, he obtained the genuine 
giving a ſtrong one at laſt, a few very red mercury of antimony. 
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here mix'd with the lead, does not. repel this black matter either from 
it ſelf, or from the lead, unleſs this mechanical triture be uſed ; whereby the 
mixture is attenvated, its parts cloſer applied, and more intimately conjoin'd ; 
whence there ariſes a power in the mercury upon the lead, and of the lead 
upon the mercury, whereby the matter, foreign to both, is repell'd and ſepara- 
ted from them: which could ſcarce be done by another operation; And if the 
amalgam, thus made, be ſeveral times diſtill'd with mercury, and cohobated; 
thus alſo, as in the former caſe, the ſame black matter may be obtain'd, and 
waſh'd from it, by trituration with water; whence a repelling force is thus 
again plainly introduc'd ; by means whereof the ſeparation is afterwards eaſi - 
ly made : and by no other methods that I know of. | 
21, It often happens, that the parts both of the ſolvent and ſolvend, Ey atira&inu. 
when fuſed or agitated by the fire, or attenuated and mix'd by trituration, ma- 
nifeſt a power of attraction and combination, that was latent before; and this 
often in a new, wonderful, and very effectual manner: whence proceeds a 
great variety of bodies that did not appear before, and are ſcarce producible 
y any other means; as we ſee in the preceding inſtance of the am 
tion of lead; where, upon triture, there ariſes a wonderful union of the 
mercurial metallic particles, by this attractive power; which manifeſts it ſelf 
after the repelling power had firſt ſeparated the heterogeneous parts that pre- 
vented the homogeneous parts from coming perfectly into mutual contact: 
but when the foreign matter is ſeparated, in the manner above explained, the 
purified mercurial particles of both kinds, coming more intimately together, 
produce ſomewhat-that was . 1 
22. Laſtly, when a menſtruum, by this means, has diſſolved a body, he Bence new 
the manner of action what it will; and if after the ſolution is completed, the 7o<#ion: 
menſtruum be totally ſeparated from the diſſolv'd ſubſtance, ſo that they 
both exiſt ſeparately again; the diſſolved body is thus obtain'd under a dif- 
ferent form, and generally changed into a calx, or ſome new kind of ſub- 


23. Hence we learn, that nearly all menſtruums, even the ſolid kind, are, gh nen 
at the time of their action, in a fluid form; unleſs we except the caſe of tri · /ruum: act as 
turation, which of it ſelf often renders bodies fit for ſolution: but then, to id.. 
make the diſſolution perfect, the trituration muſt be ſo exquiſite, as to ren- 
der the bodies almoſt flud. © + n VL x of 

24. The following experiment is an inſtance wherein all the above - men- Oe inflexce 
tioned cauſes concur at once in dry menſtruums; vig. fire, triture, repelling / 4 the 
power, attractive power, and mechanical force; ſo as to produce all the effects, © nit. 
viz. attenuation, concretion, ſepatation and change.' At the fame time, this will 
be an example of a juſt procedure in making the like'experiments.” Take fixteen 
ounces of antimony, purify'd by a fimple fuſion in the manner above-men- 
tioned, reduce it to fine powder; this powder we know conſiſts of common 
brimſtone, intimately intermix'd with the mercurial part of the antimony; 
as 18 the caſe in common antimony. it ſelf, : tho? no ſign of theſe two different 
parts appears, even by the microſcope. Then take twelve Qunces of Rbeniſb 
tartar, reduc'd alſo to fine powder, and ſix ounces of pure pulveriz d nit 
dry them all ſeparately to the higheſt degree, and mix them perfectly well 
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ante in an iron mortar, and reſerve this powder for the following uſe. 
Fext, take ſix ounces of tartar in fine powder, and three of nitre, mix theſe 
well together, to be kept in readineſs: now, put a clean iron ladle over a 
clear fire, till it becomes almoſt ignited, then throw into it a ſmall portion 
of the compound powder of tartar and nitre; the mixture will immediately 
fwell, "boil, throw out ſmall ſparks, and burn with a livid flame, leaving be 
hind a white and perfectly alkaline maſs, intermix'd with ſpots of green ; 
and if a freſh quantity of the ſame powder be thrown in, it produces the 
fame appearances. Whence we ſee, that a mixture of an acid, vegetable ſalt, 
and a faline terreſtrial one, fume, ſparkle, burn, and turn to fix'd alkali, im- 
mediately upon touching the fire. It was above obſerv*d, that fix'd alkali, 


well mix d wich ſulphur, inſtantly took flame in the fire; whereupon the 


hur was immediately diſſolv'd into a new ſubſtance. And hence it ap- 
pears, that if tartar, nitre, and ſulphur, be mix'd together, and thrown, by 
a little at a time, into an ignited Jadle ; a fix'd alkali immediately ariſes, 
which lays hold of the ſulphur, diſſolves it, and turns it to a ſubſtance of a 
liar nature. From whence we may eaſily apprehend the effect that will 
low upon applying the above-mentioned mixture of antimony, tartar, and 
nĩtre to the fire, in the following manner... 
. 25. Set a large, ftrong crucible in the fire, ſo as to heat gradually and 


equably, without cracking ; let it be capable of containing at leaſt thrice the 


ntity of the powder to be thrown in ; cover it with a tile, and when 
— hly ignited, take off the cover, and throw in two drams of the mix- 


ture ; firſt well heated, with care to —— its taking fire: it will inſtantly, 
upon touching the bottom of the crucible, burſt into flame, ſmoke, and ſparks, 
but grow quiet when ignited again. Throw in the ſame quantity after the 


ſame manner, and do this by degrees, till all the powder is uſed ; at each 
time covering the crucible, after the matter is thrown in, till the' ſtruggle is 
over. When the d tion is fimiſh'd, raiſe the fire ſo as to make the matter 


flow like water, which may be tried by ſtirring it with a tobacco-pipe ; keep 
it a while in this heat, chen pour it into a dry braſs cone, firſt heated, and 


greas*d-on'the infide with tallow, rather than oil, which being apt to contain 
water; might here have a terrible effect: a flame, like lightning, immediately 
ariſes upon pouring in the melted maſs, on account of the tallow with which 
the cone was dz and by this flame the matter is hindred from ſticking to 
the metal. When all is grown cold, invert the cone, and ſtrike it, upon which 


the matter will come out and appear divided into two different parts; the up- 


per a brown one, weighing about fourteen ounces, and call'd by the name of 


ſcorim ; which are brittle; of a fiery taſte, and run in the air to a red liquor: 


theſe ſcoriæ conſiſt of the fix*d alkali, made by the tartar and nitre; and of 
the ſulphur of the antimony, melted into one maſs, by the alkali, in the 
fire ; and thus being repelled from the metallic part, it floats at the top, whilſt 
the metal falls to the bottom by its own weight; which therefore conſtitutes 
the other part, and is of a white ſhining colour, like ſilver; being very pon- 
derous, and on ãts upper ſurface bearing the figure of a ſtar: this part would 
3 metallic, but for its extreme brittleneſs, which renders it pulver- 


26. 
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26. This laſt experiment illuſtrates all that was above delivered concern- 
ing the action of dry folid menſtruums ; for, firſt, mechanical trituration 


here reduces three kinds of matter to minute particles, fo as to render them 


intimately miſcible. Secondly, the fire melts, moves, mixes, and unites all 
the three together. Thirdly, the oil in the tartar, and the ſulphur in the antimo- 
ny, taking flame together in the fire, fix*d alkah is thus immediately produced, 
and directly lays hold of the ſulphur of the antimony ; whence, by their 
attractive force, the alkali and the ſulphur unite into one maſs, that eaſily 
runs in the fire, Fourthly, at the ſame time, there ariſes a repelling power 
between the metallic part of the antimony, and the alkaline ſalt; which two 
can never be united in the fire, but always, in fuſion, repel each other, 
and range themſelves into different ſtrata, according to their gravity. - 

27. And hence it plainly appears, why the more ponderous metallic part 
here falls to the bottom of the cone; leaving the ſuſphureous alkaline part 
at the top, and thus producing two new ſubſtances ;, vi. an alkaline ſulphureous 
ſcoria, and a ſtellate regulus of antimony. Hence, a mere mechanical 
power, attraction and repulſion, act conjointly in this experiment, to pro- 
duce firſt a ſolution, and afterwards a ſeparation ; the pulverization minute- 
ly dividing the heterogeneous parts, increaſing their contact, and multiplying 
their ſurfaces ; whilſt the fire mixes them farther, by agitating them toge- 
ther, and exciting, increaſing and continuing their attractive and repulſive 
powers, thus keeping the whole maſs, and all its parts, in liquid fuſion ; the 

oil of tartar, at the ſame time, inflaming with the ſulphur and nitre, and 
thus adding great ſtrength to the fire. The tartar and the nitre, by a per- 
fect deflagration, here afford a ſharp fix'd alkali, which drinking in all the 
ſulphur, rikes out from it the metallic part of the antimony, which it will not 
touch. Laftly, the whole heated maſs increafes the ſtrength of the fire z whence 
the motion and concuſſion becomes the more violent, and throws off a copi- 
ous fume, with ſoot, and ſparks ; by which means, 34 ounces of the powder 
loſe about 16 ounces in the operation; the regulus weighing only about 2 
ounces and 3 quarters. This experiment ſhould be carefully made ; for if 
the crucible” be not large, in proportion to the powder, it will not contain the 
matter, when it (wells and boils z and unleſs the mixture be ground fine, it 
bounces and flies off in.#he fire: if the crucible be not thoroughly ignited, 
the matter thrown- in will not fuſe; and unleſs the powder be heated 
before it is thrown in, it may crack the crucible by its coldneſs. Each 
time that any powder is thrown in, you muſt wait till the detonation ceaſes, 
or till the matter becomes perfectly ignited, and runs, before you throw in 

3 otherwiſe the mixture that remains unmelted, collects to a ſolid cruft 
at the rop, and confines the matter underneath : which conſiſting of alkali, 
nitre, and ſulphur, then acts like gun-powder, and foon explodes with great 
violence; which may eaſily be prevented by the above-mentioned cautions. 
Again, unleſs all the matter be made to flow thin, before it is pour'd out, the 
regulus will not be perfectly ſeparated from the ſcoria; and if the meltmg- 
cone be not heated before the melted matter is poured into it, there is dau- 
ger of its fly ing; and unleſs it be greas'd, the matter often ſticks fo faſt to 


the metal, as not to be got off, If a ſingle drop of water ſhould — 
rt | 
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fall into the cone, the melted maſs poured into it might hence be made to fly 
about in a dangerous manner. And laſtly, if it be not quickly poured into 
the cone, whilſt it remains very fluid, neither the regulus nor the ſcoria will 
ſeparate exactly, or range themſelves diſtinctly: ſo many cautions are requi- 
red in this ſingle expetiment. 

28. We may now proceed to a cloſer conſideration of the actions of ſolid 


cal ations of and fluid ſolvents upon their ſolvends; ſo far as they are explicable upon pure 


farther con- 
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berg, by 


mechanical principles : and the great 7 I have for mathematical merit, 
requires it of us. There is no known ſenſible body in nature, whoſe 
are ſo tenaciouſly, or ſo ſtrongly held together, as not to be ſeparated by a 
mere mechanical force, without the intervention or neceſſity of any other 
cauſe, Thus, even the diamond, tho* ſo remarkable for its hardneſs, we 
ſee, may be ſaw'd and cut into any ſhape, and exquiſitely poliſh'd ; for 
which purpoſe, the lapidaries uſe only mechanical inftruments, and mecha-- 
nical motion. | 

29. So again, the moſt fluid body may, by a mere mechanical motion, dif. 
ſolve a hard one by attrition. Thus water, by continual fallin upon me- 
tal or ſtones, wears or diſſolves them away ; for altho' the Falling of a 
fingle drop has but little force; yet, by numerous repetitions, it produces 
remarkable effects. Soft leather being long rubb'd upon the hardeſt gems, 
metals, or glaſs, gives them a poliſh; and wheels of wood, kept conſtantly 
turning, will wear away any body applied to their ſurface, into inviſible par- 
ticles: whence it follows, that the continual renewal of any wearing body 
may grind away the hardeſt ſubſtances; inſomuch that the ſofteſt bodies. 
will thus, at length, reſolve the moſt rigid, into particles ſo minute as to e- 
ſcape the ſenſes. | | 

30. And here we are to conſider, that the leaſt and ultimate particles of a- 
ny menſtruum, to us inviſible, may poſſibly be hard, and almoſt unchange- 
able; tho', in any ſenſible bulk, they appear ever ſo ſoft to our ſenſes: 
which obſervation ſeems to be confirmed by many 1 Thus, 
the component particles of fire exceed all others in hardneſs, ſmallneſs, 


mobility, and immutability. No one hath hitherto obſer ved any change 


in an ultimate particle of true air; tho” the air, by its force, produces 
many changes upon other bodies. Water, which is found fo ſoft a fluid, 
conſiſts of ſuch very hard parts, as not to be changed by any weight, con- 
cuſſion, or preſſure : and we formerly obſerved the ſame of the ultimate par- 
ticles of earth. So alcohol receives no change in its particles, after ever ſo 
many diſtillations, digeſtions, and commixtures. likewiſe, the diſtil- 
led acid ſpirits of the mineral ſalts ſeem almoſt immutable, and conſequently 
conſiſt of extremely hard particles; notwithſtanding that ſome have imagt- 
ned them 2 and conſequently changeable; but the induſtrious Hon- 
igeſting theſe ſpirits, in cloſe veſſels, for years together, with a 

conſtant heat, found them to be no way changed thereby: tho? vinegar, 
indeed, in the ſpace of four years, was altered to another nature (5). 17 
| | 31. 200 
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31. The inſtances juſt mentioned ſerve to ſhew, that the laſt particles 
of the-ſofteſt fluids may be hard and anent: whence it may be eaſily 
conceived, that the attrition of the ultimate particles of menſtruums, ſtrongly 
agitated, and repeatedly applied, for a long time, to the ſurface of a body, con- 
fiſting of corpuſcles joined together ſo as to compoſe a diſſolvable maſs, may 
thus wear down and diſſolve large and hard bodies into minute particles; 
as well as large bodies diſſolve others, by being rubbed upon them, An 
example whereof we have in ſtones, wore away or made hollow by the can- 
ſtant dripping of water: and this, eſpecially, by the aſſiſtance of fire, 
to promote the percuſſion, attrition, and colliſion of the ſurfaces of the 

es. 

32. But, in every mere mechanical diſſolution, there occurs this difficulty, 
that the particles of the menſtruum, applied to the ſurface of the ſolvend, 
eaſily fly off or recoil, ſo as not to act powerfully; but then we are to conſi- 
der, that the weight of both the bodies may have a great effect; and alſo the 
weight of the atmoſphere, as mentioned in our hiſtory of air. Whence it is 
certain, that all menſtruums, which act ſimply by a bare mechanical power, 
diſſolve but weakly, unleſs ſome other power be added: on the other hand, 
we know, that a ſtrong external compreſſion of a fluid to a ſolid, greatly in- 
creaſes the diſſolving power, ceteris paribus, Thus, bones are little 
ry. = by long boiling with water in an open veſſel ; but ſoon grow ſoft, 
and diſſolve, in Papin's digeſtor; where the of the water are ſtrongly 
compreſſed, and driven or ground againſt the ſubject. And thus we may 
clearly underſtand the firſt mechanical manner, wherein certain menſtruums 
2 z viz. by the attrition of one body againſt the external ſurface of the 
Other. 

33. But when the particles of a ſolvent not only wear away the body of 
the ſolvend, by attrition from without, but at the ſame time lay hold of its 
internal ſo as to diſſolve the inner ſubſtance by attrition z in this caſe, 
the particles of the ſolvent ſeem to infinuate themſelves into the pores of the 
ſolvend, and thus to act upon the internal ſurface, after the ſame manner as 
we have already explained of the external ſurface. So that here the prin- 
cipal 2 is to underſtand, by what means the ſolvent enters the 
pores of the ſolvend; and here we have not all the light one could wiſh, be- 
cauſe there are very few inftances of merely mechanical ſolutions : whence we 
are obliged to make uſe of thoſe wherein mechanical cauſes act con- 
jointly with others. 14 

34. The firſt condition requiſite to this ſolution, is a proportional 
nitude between the ſmalleſt pores of the ſolvend, and the particles of the ſo 
vent 3 for, if theſe pores are ſo large as to admit the ſolvent in a liquid form, 
the cauſe of the action is the ſame as before: but if the pores are too little to 
take in the ſimple particles of the menſtruum, ſcarce any internal ſolution 
can happen. On which account, therefore, no diſſolution frequently enſues, 
when the parts of the menſtruum adhere to each other, ſo as to form 
concretions, incapable of entering the pores of the ſolvend : but if theſe 
concretions are diſſolved by water, into finer particles, and thus ſet farther 
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aſunder by the interpoſition thereof, they now may enter the pores that ex. 
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cluded them before; as in the following experiment. Put an ounce of 
highly re&ified oil of vitriol into a glaſs-body, place the glaſs in water ſet o- 
ver the fire to boil, then put into the oil of vitriol five drams of clean iron. 
filings, and ſhake the glaſs ; upon which there will inſtantly ariſe a great ra- 
rifaction, without fume or ebullition; the matter in the mean time remaining 
ſwelled, but undiſſolved, and of a grey colour. To another ounce of oil of 
vitriol, heated in the ſame manner, pour three ounces of boiling water; if 
the water be added cold, the glaſs would burſt ; throw into this diluted oil 
of vitriol, five drams of iron-filings : upon which a violent ebullition, effer- 
veſcence, and fume will ariſe, with a garlick ſmell ; and the whole body of 
the iron be preſently diſſolved into a green liquor. | 
386. Thoſe two excellent authors, Bobn and Boyle, ſay, that filver and lead 
will not diſſolve in the ** ſpirit of nitre; but, readily, if that ſpirit be 
owing experiments will ſhew how that matter 
ſtands. Into an ounce of the ſtrongeſt ſpirit of nitre I could procure, I put 
half an ounce of red-lead, and found no efferveſcence nor ſolution enſue in 
the cold; then to an ounce of the ſame ſpirit, diluted with eight ounces of 
water, I put half an ounce of red-lead, and here alſo found they remained 
long quiet in the cold. Again, I put an ounce of pure filver to an ounce of 
the ſtrongeſt ſpirit of nitre, and found no ſign of ebullition or ſolution. To 
an ounce of the ſame ſpirit, diluted with an ounce of rain-water, I put an 
ounce of pure ſilver, and found theſe alſo remain 8 in the cold: but, up- 
on applying theſe four containing veſſels to the fire, I found all the men- 
ſtruums begin to act, efferveſce and diſſolve; with this difference, that 
the ſtrong ſpirit diſſolved leſs, and ſlower; but the diluted ſpirit quicker, 
and ſtronger. | 
36. — theſe experiments we infer, (1.) That mineral acid ſpirits may 
be diluted with water. (2.) That the mixtion is promoted by ſhaking the 
veſtel, ſo as intimately and equably to unite the water with the faline ſpirit, 
which might otherwiſe remain at the bottom, and fuffer the warer to float at 
the top z/ as appears, in part, from the unctuous veins appearing when they 
begin to mix. (g.) That thus, as many aqueous parts as the operator plea- 
ſes, may be interpoſed between every two ſaline particles, by adding more or 
leſs water. (4.) That, by this means, the particles ſo diluted may be kept 
from uniting into larger faline concretions, and remain floating ſeparately among 
the particles of the water intermixed. (5.) That hence the faline particles, 
thus kept floating ſeparate in the water, ſeem now capable of entering the 


- fmall pores of the bodies to be diſſolved, by being rendered minuter. {6.) 


That theſe ſaline particles, unleſs diluted with water, touch one another 


+ cloſely, ſo as to unite or concrete into larger maſſes, incapable of entering the 


fmall pores of bodies. From all: which, our notion of ſolution above deli- 
vered, is rendered highly probable. | 

37. But farther, in £4 uh to underftand the mechanical actions of men- 
ſtruums, we ſhould conſider the figure of the particles of the ſolvent ; for 
we learn from mechanics, that mechanical actions greatly depend upon the 
figure of the acting body. Thus, any body whatever, remaining the ſame 


in all reſpects except its figure, may acquire a power of performing many 
f | : I f 


things 
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things which it could not perform before; and this merely on account of its 
figure: for inſtance, an ounce of ſteel may be formed into a ſphere, a cube, 
a pyramid, a knife, a lancet, a dagger, a piercer, a chiſſel, a file, a ſaw, &c. all 
which anſwer different purpoſes, on account of their figure. In like man- 
ner, the ſame body may act differently as a ſolvent, according to the figure 
of its parts, provided the pores of the ſolvend are able to receive them; and 
hence it may happen, that the reciprocal power between a ſolvent and a ſol- 
vend ſhall be ſometimes aboliſhed, or perfectly changed, when the figure of 
the ſurface of either, or both, is changed: but it is extremely difficult to 
prove this to the eye; it being ſcarce poſſible to render the ultimate pores 


or particles of bodies viſible. But reaſon, which from viſible objects infers 


the latent nature of what is inviſible, ſhews that this is the caſe ; unleſs we 
imagine the diſſolving particles of bodies to be immutable : which, however, 
is not probable, becauſe the ultimate particles of bodies ſeem not to be the 
ſame as their diſſolving particles; tho? it muſt be allowed, that, in many in- 
ſtances, the diſſolving particles themſelves ſeem to be changed. But that an 
efficacious fitneſs for action may ariſe in bodies, on account of their figure, 
has been elegantly illuſtrated by Mr. Boyle, from the example of a lock and 
its key; whoſe figure and ſize give them a peculiar and fingular power of 
ating. Whence we may gather, that the relative figure between 1 
ticles of the ſolvent and the pores of the ſolvend, may fit them to produce 
many ſingular effects in mere mechanical diſſolutions; and therefore, that 
many remarkable —_ of bodies may thus be brought about, by ſuch ſolu- 
tions depending upon ſize and figure. Sometimes alſo, great and extraordi- 
nary effects may be owing to the form of a body, as we ſee in the caſting of 
dells; where a maſs of melted metal, caſt into a proper form for the purpoſe, 
and hung in the uſual manner, when this bell comes to be ſtruck upon by 
the clapper, all the circular ſections of the bell, from the top to the bot- 
tom, _— their circular figures into innumerable ellipſes, which re- 
turn to circles again, with a quick reciprocal motion, backwards and fore 
wards ; thus occaſioning quick undulations in the air, to a great diſtance ; 
propagating tremulous motions, ſhudderings, and ſounds z and hence pro- 
ducing changes in the bodies. of animals, vegetables and foſſils: all 
which depends upon the bare configuration of the bell, | SF 
38. The following experiments are ſuppoſed of that kind, wherein the 
figure of the ſolvent is changed with regard to its ſolyvend. To an ounce of 
well- rectified oil of vitriol, add, drop by drop, fix ounces of pure alcohol, 
made without alkali, and ſhake the containing veſſel every time; digeſt the 
mixture, for a conſiderable time, in a tall well-cloſed glaſs ; then carefully 
diſtil, with degrees af fire, till the matter ay 2 to grow black ; upon which, 
change the receiver, and continue a gentle fire with caution : thus there will 
come over a ſulphureous ſuffocating phlegm, and, at the ſame time, a dul- 


cified, volatile, ſweet-ſmelling oil of vitriol, about fix drams in weight, to- 


be carefully kept in a ſtopt glaſs. The liquor, thus obtained, produces very 
different effects upon iron, . thoſe produced upon it by common oil of 
vitriol, Underſtand the ſame of ſtrong ſpirit of nitre, carefully dulcified 
with thrice its weight of alcohol. So likewiſe ſtrong ſpirit of ſea-talt, when 


; thus 
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| The Theory of CuemisTRY. 
thus dulcify'd, will not diſſolve gold, but extract its colour, as Mr. Boyle has 
obſerved: and fo the dulcify'd ſpirit of nitre will not diſſolve filver, tho! 


common ſpirit of nitre diflolves it readily, Experienced authors attribute 


Particles en- 
#ering parti- 
ally. 


theſe different effects to a change in the figure of the diſſolving particles: 
and whether this change be owing to the combination of the alcohol, to 
diſtillation, or to both; the form or manner of the ſolvents is here certainly 
changed. 

8. There is a third cauſe, of conſiderable efficacy, in merely mechanical 
ſolutions, ariſing from conſidering that the leaſt corpuſcles of a menſtruum, 
having the requiſite inflexibility for the purpoſe, may inſinuate themſelves 
partially into the pores of the ſolvend, ſo as to leave one part of each cor- 
puſcle prominent above the ſurface of the body to be diſſolvd; by which 
means, all the pores in the ſurface of the ſolvend will be ſtruck full of points 
ſticking out like briſtles, without entering farther : when, therefore, the 

icles of ſuch a menſtruum are put in motion, they will conſtantly ſtrike 
with a different direction on all fides, upon the particles thus ſticking in the 
ſurface of the ſolvend ; which points therefore will, hence, act as wedges, 
to ſhake and ſplit the ſolvend aſunder. It is highly probable that this is 
frequently the caſe ; eſpecially, if we reflect that in ſuch ſolutions, the uni- 
formly ſmooth furface of the ſolvend is commonly render'd rough and un- 
equal: and in mechanical ſolutions, this third cauſe appears to be the prin- 
cipal one. Whence we may clearly underitand the action to be perform d in the 
way of cleaving, or ſplitting, with a wedge, here, firſt fix'd in and variouſly 
driven by the menſtruum ; the ultimate particles of the ſolvend being ex- 
tremely numerous, and the pores of the ſolvent lying in every point of the 
ſurface of the ſolvend ; as appears from the ſmallneſs of the parts after 
diſſolution. 

39- Laſtly, the fourth cauſe of mechanical ſolution is fire, which pare 
= y ſhakes, agitates, applies and re- applies the particles of every ſolvent 
aving the three above-mention'd conditions: and without this, the three 

eceding cauſes could a& no more than a wedge not driven by an external 

orce. Thus, tho* the fize, hardneſs, figure, weight, and elaſticity of the 
particles of the ſolvent, ſhould be fitted ever ſo much to the pores, reſiſtance, 
and hardneſs of the ſolvend; nay, tho' the particles of the one ſhould touch 
the pores of the other, and begin to enter them; yet without the action of 
fire, no ſolution could be effected. And not only fire acts thus upon men- 
ſtruums by itſelf, but alſo, as it excites a motion, concuſſion, and attritiop 
in the air, here preſs'd upon, and apply'd by the weight of the atmoſphere, 
againſt the ſurface of the menſtruum. hence, the elaſticity, the weight, 
and the motion of the air, being put in action by the fire, increaſes the powers 
of the menſtruum. And this is all, that I can any way derive from pure 
mechanics, in order to account for the action of menſtruums. Some 
great philoſophers have imagin'd this was ſufficient to explain all the phæ- 
nomena of ſolutions: and, we allow indeed, that in every action thereof, 
all theſe mechanical powers may aſſiſt and co-operate ; but, do not allow 
that theſe alone, without the intervention of other cauſes, can perform the 
whole buſineſs of ſolution. 
\ 40. 
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40. On the contrary, it rarely happens that any menſtruum exerts all its Die in/uffci- 
diſſolving power mechanically. And hence, Sir Jaac Newton, in his re- * mere 
ſearches, has found reaſon, from obſervation, to add other neceſſary cauſes, — ape 
But, to purſue this matter cloſely ;. let us conſider, when a fluid poſſeſs'd of Jution. 
none but merely mechanical properties ſurrounds a body at reſt, having no 
icular relation to the fluid, beſides the common mechanical one; this 
fluid being now at reſt, can only by its weight, and the fineneſs of its parts, 
compreſs the external ſurface of the ſolid, and the internal one of the pores 
it enters: whence, by the laws of hydroſtatics, we can expect only the 
effect of compreſſion, without any ſeparation of parts or change of figure, 
unleſs the body be ſoft and yielding, or has its pores fill'd with a lighter 
fluid than that which ſurrounds it; whence, this lighter fluid may be con- 
dens'd in thoſe pores, or diſlodg'd from them. And hence, the condeng'd. 
maſs will change its figure, bulk, and gravity ; but, at the ſame time, 
remain at reſt, and cohere more ſtrongly in its parts, rather than diſſolve. If 
fire be now apply*d, all the particles of the fluid will be agitated ;. but ill, - 
if the fluid, and the ſolid, are each of them homogeneous, the caſe is till 
nearly the ſame, with reſpect to the menſtruum; as the fire here acting equa- 
bly upon all the particles of the 'fluid, at once occafions the body to be 
equally preſs'd on all fides. But indeed, fo far as fire excites thoſe unequal 

lofive motions of ebullition z the preſſure now being unequal, may wear 
off ſome part of the body ; eſpecially, if its ſurface be uneven; but this does 
little towards the buſineſs of ſolution, as we daily ſee it perform'd by men- 
ſtruums. Thus, we find that hartſhorn does not diſſolve ſo much by being. 
long boiled in water, as it does when ſuſpended in the vapour ariſing from 
boiling water, But, if an elaſtic matter be lodg'd in the pores of a body 
to be diſſolvd ; when this matter comes to be dilated by fre, it may diſ- 
charge itſelf in bubbles, burſt the parts wherein it was confin'd, and thus 
reſolve the ſubſtance : which ſolution cannot be attributed to the mechani- 
cal action of the menſtruum; but is owing to the fire, that rarifies and acts 
upon the elaſtic matter. Hence, I have been led to doubt, whether the air 
which contains oils, falts, ſpirits, and other menſtruums, ever acts in a. 
mere mechanical manner upon the bodies it diſſolves ; eſpecially ſince ſuch. 
bodies can ſcarce ever be Bund perfectly pure and ſimple: whereas, I have 
learnt from experience, that different parts, of different properties, are mix d 
in with all ſuch bodies; whilſt theſe parts have reſpectively their own pe- 
culiar powers of attracting, repelling, and changing themſelves many other 
ways. We muſt not, therefore, attribute more to mechanical power, than 
the author of nature has given to natural bodies; nor extend this power 
beyond its proper bounds, in accounting for chemical operatiqns. This de- 
claration is forc'd from me, by the regard I bear to truth; and may clear me 
from the imputation of pretending to explain chemical operations upon me- 
chanical principles. | 1 | 

41. Having thus, therefore, diſpatch'd the conſideration of mechanical run 
power in ſolution ;z we proceed to - conſider thoſe ſolvents, which 9 adi by @' 
e Taba virtue, and not by any general 9 0 of body. And theſe Jeu 
| ſolvents we ſhall find ſo numerous, as to include nearly the whole E : 
G which. 
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Which being extremely large, we are obliged to reduce them into claſſes 
under general titles: and this contrivance will, not only help the memory, 
but afford an opportunity of ranging new diſcoveries in their proper places, 
according to the relation they have with known things; whence, alſo, their 
manner of action may more eaſily be underſtood. 


SECT, III. 
Of aqueous MENSTRUUMS, 


cia i. 1. H E firſt claſs of fluid menſtruums we make to conſiſt of water, 

. and aqueous liquors. But, water in the form of ice, is a' ſolid, 

which diffolves into a liquor, upon being mix'd with dry, or fluid ſalts, 

both of the fix d, and volatile, alkaline kind; with fix'd, or volatile acid 

ſalts, compound falts, and the fermented ſpirits of vegetables; and this, even 

in the higheſt degree of cold : as was ſhewn in the chapter of fire, where 

this ſubject has already been ſufficiently treated. As a fluid menſtruum, it 

ins to act, in the next degree below that of freezing; or, in a heat of 

thirty two degrees by Fabrenheit's thermometer: and never acts as a fluid 

menſtruum, where it remains perfectly froze. The heat of water, un- 

confined, may be increaſed by boiling, from thirty two degrees, to two 

hundred and fourteen, without growing hotter in our climate, upon the 

earth*s-ſurface ; but, as it heats the more, the greater weight of the at- 

moſphere it is preſsd by, its heat may be prodigioufly iricreas*d in the bowels 

of the earth; ſo as, at great depths, to have, perhaps, a higher diſſolving 
wer upon many bodies, than any other known menftruum, 

The heat of 2. It is the happineſs of this y thus to have aſſign'd and limited the 

avater limits diffolving power of our firſt menſtruum, water, within thirty two, and two 

its diſſolving hundred and fourteen degrees of heat; where we may obſerve the beau- 

9 tiful manner, wherein nature acts: for, in many ſolutions where water is 

the menſtruum, the diſſolving power increaſes, and diminiſhes, with the de- 

grees of heat. Thus, for example, water of thirty three degrees hot, diſſolves 

a certain proportion of ſea- ſalt, which prevents the water from turning to 

ice by the ſame degree of cold, that would freeze pure water; and this 

probably happens from the interpoſition of the ſalt; whereby, the ſurfaces 

of the particles of the water are prevented from coming into mutual con- 

tact. But, when the cold is increas'd far above the d which freezes 

pure water, then the ſalt- water begins to contract, and the ſalt to collect at 

the bottom of the veſſel in little cryſtals; and as the cold gradually in- 

creaſes, this water gradually depoſites more ſalt, till at length, the water 

being nearly depriv'd of all its ſalt, turns to ice. During the whole increaſe 

of the cold, more and more falt is continually ſeparated from the water; and, 

when the ice is thaw'd, all the depoſited ſalt will again be taken up by the 

water. On the other hand, if water, thirty three degrees hot, has diſſolved 

as much {alt as it poſſibly could in that degree, and be afterwards e 
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heated farther, up to the degree of 2 and upon the increaſe of every 
degree a little more ſalt be added, this ſalt will be diſſolved every time, 
till the liquor boils; after which, it will diſſolve no more, tho? boild for a 


arg 


time, 
3. To illuftrate this by experiments; take an ounce of pure dry ſea · ſalt in 1lfrared. 


powder, put it into a clean chemical phiab and gently pour thereto three 
ounces of pure water; then ſet the glaſs in a quiet place, to receive the degree 
of heat at that time ſhewn by the thermometer, Having put the ſame propor- 
tion of falt and water in another phial, ſhake them ſtrongly together in the 
fame degree of heat with the former; adding at times a little more ſalt, til 
ſome remains undiſſolv'd at the bottom. Have alſo a third phial in readineſs, 
containing the fame proportions of ſalt and water as the firſt. Then put the 


| ſecond and third phial into a copper of water, ſet over the fire to heat b 


3 thus the falt in the phial, that was not ſhook, will begin to dif- 
folve ; and upon the heat increafing, the ſalt will be found to di much 
woner and more copiouſly than in the firſt phial, now ſtanding in a quiet place, 


and receiving only the heat of the a here: ſo that by means of the 


heat apply'd, the ſalt is as well diffolv'd in the unſhook phial, as in that which 
was ſhook. Into the ſecond phial throw, as the heat increaſes, a m8 +» 
of dry falt, which will now be diffoly'd ; and continue doing thus, till the 
water boils in the copper, when a conſiderable quantity of falt will be dif- 
folv'd in this ſecond phial; befides what was diffoly*d before by long ſhaking. 
When ſo much falt is added to this water contain'd in the phial, that it wil 
not diſſolve the laſt 22 was added; in this degree of heat take out 
the phial, and ſet it by to cool, upon which the pellucid ſolution will begin 
to grow opake and turbid; a ſkin forming upon its ſurface, and falt falling to 
the bottom; ſo that, when it comes to be of the ſame temperature with the 
atmoſphere, it will now have let fall nearly as much falt; as it had difſoly'd, 
by means of the increas'd heat, above that of the external air at the time. 
, how, the firſt phial be examin'd, a large quantity of the ſalt will remain 
undiffoly'd at the bottomt ; whilſt the other part is diſſolv d towards the bot- 
tom, unmix'd with the eſt of the water, and appearing in the form of x 
heavy, unRuous, viſcous, fluid ; and if not ſhook will thus, long, retain the 
fame appearance; but upon ſhaking, it ſpreads in unctuous veins, t 
the body of the water above it, diſſolves in it, and falls no more to the 
bottom. Another portion of the ſalt remaining at the bottom, now, again 
appears to diſſolve in the ſame manner, and may, by ſhaking or heat, be 
mird and united with the leſs ſaline water above: and this obſervation 
holds, till nearly all the ſalt put in, comes to be diffoly*d thro' the whole 
— the water. In making theſe experiments, the two phials, put into 
iling water, are to have ſuch long necks, that no water can exhale 
from their cavities with the heat apply'd : their necks alſo are to be heated, 
leſt the ſteam of the water below ſhould crack them. | 
4. From theſe flight experiments,. the following conclufions eafil 
w viz, (1.) That the parts of the ſalt and water are not here changed, 
only ſo conjoin'd, that the water now touches the parts of the ſalt, as 
the particles of the ſalt or water L touch'd one another ; which ſpecies 
a uu 0 


and is abundantly confirm'd in our hiſtory o 
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of ſolution is a mere permixtion. (2.) That the increaſe of heat increaſe 
this power of permixture, ſo as to haſten the diſſolution, and diſſolve more 
ſalt in the ſame water; and this ſo long as the water can receive a higher de- 
gree of heat. (3.) Hence, alſo aqueous menſtruums, ſaturated with ſalt, grow 
turbid in the cold, and depoſite ſaline cryſtals; but when heated, grow tranſ. 
parent again, and diſſolve the ſalt they bad depoſited. (4.) That water 
and the ſalt diſſolv'd therein condenſe by cold into cryſtals, which ſpon- 
taneouſly reſolve, upon the re · application of heat; as we ſee highly reQify'd 
oil of vitriol grows ſolid in the cold, but preſently melts with warmth, 
(5.) That boiling water, ſaturated with ſalt, is heavier than water; whence, 
brine, in a boiling tate, proves hotter, by the thermometer, than pure boiling 
water, and cannot be brought to boil without a greater heat than that of 
boiling water ; whereas pure water may be brought to boil, by ſetting a glaſs 
of it in boiling water. (6.) Fire, therefore, is the cauſe of the ſolvent power 
of water, and ceaſes to act without it; as 7 evidently from freezi 

fire: for, upon. the = 
of heat, the cold conſtantly and proportionably expels from water the falts 
it before held diſſolv d, ſo as, even to convert ſpirit of nitre into ice ; whence, 
a high degree of cold, always exactly ſeparates falt from water. We may. 
add alſo, that cold diſables water from diſſolving alcohol. In the winter of 
the year 1729, J expoſed beer, wine, vinegar, and brine, in large, open 
veſſels, to the froſt; which, thus, congeal'd nearly all the water of theſe 
liquors into a ſoft, ſpongy kind of ice, and united. the ſtrong ſpirits of the 
fermented liquors z ſo that by piercing the ice, they might be pour'd off and 
ſeparated from the water, which . diluted them before freezing; and the 
more intenſe the froſt is, the more perfect this ſeparation : whence we fee, 
that cold unfits water to diſſolve alcohol, and the ſalt of vinegar : and it is 
probable, that the utmoſt 3 cold in nature would deprive water of all 
its diſſolving power. (7.) Hence we ſee, that the particular power of water 
to diſſolve ſalts and other bodies, ſo as to unite. them with itſelf, does not 
depend upon the water alone; but requires the aſſiſtance of fire: to render. 
the ſolution. perfect. (8.) Theſe diſcoveries being applied to the animal 
Juices, eſpecially to thoſe of men, have a great and extraordinary uſe; as 
water is the principal and moſt copious of all the liquors contain'd in the 
healthy human body; fo that in this, the other principles of all the animal 


fluids are diſſolv'd, mix'd, held together, and kept fluid. As this water, 


therefore, is ſo liable to changes from heat and cold, it may wonderfully 
change the juices. Thus, how greatly is blood, drawn out of the veins, 
changed by cold from what it was in the body? And the urine of a healthy 

ſon in a cold ſeaſon, ſoon depoſites a groſs ſediment; which may again 
de taken up, by warming the containing veſlel, ſo as to render the whole 
like what it was before: hence we may learn what great changes are pro- 
ducible in the body, from the changes which water undergoes by heat and 
cold. From the premiſes, one might be tempted: to ſay, that the ſolvent 
power of water almoſt always increaſes in proportion to the heat applied, 
vp ch the degree of boiling. I 


* 


The Theory of CurMisTRyY, 


55 


5. But it is dangerous to pleaſe the mind with general truths in phyſics, The power of 
or to extend our conſequences beyond experiments. Thus in the preſent caſe fire in water, 


there are numerous experiments, which would perſuade one that the ſolvent 
wer of water decreaſes, as the degrees of heat increaſe : for example, if 
bald be formed of flower, mix'd into a paſte with water, they will dilute 
and reſolve with cold, or warm water, but grow hard, without diſſolving, in 
boiling water. So the white of eggs mixes intimately with warm water, 
but coagulates and hardens by boiling therein: and this hardening begins 
with a certain degree of heat, and grows greater, as the heat grows ſtronger; 
tho? till this certain degree be arriv'd at, the increaſing heat ſerves to dilute 
the ſubject the better. Underſtand the ſame of blood, Sc. | | 
6. Hence we ſhould range into claſſes, thoſe bodies which are always diſ- 
ſolv'd by water, in all the degrees of heat; for example, (1.) All the 
known neutral falts ; as, ſal-gem, ſea - ſalt, nitre, ſal· ammoniac, Sc. (2.) All 
the known pure volatile alcaline ſalts, obtain'd from animals or vegetables, 
by putrefaction or diſtillation. , (3.) All the fix'd alcaline ſalts obtain'd from 
vegetables by calcination. (4.) All kind of acids naturally found in vege- 
tables, and in all the acid ſalts; all kinds of native, foſſil acid ſalts ; with 
all the vegetable acid juices, which afford a ſpirit, or vinegar, by fermen- 
tation: then again, the acids obtain'd from woods by diſtillation, whether 
oak, guaiacum, ſaſſafras, &c. diſtill'd vinegars, oleum ſulpburis per campanam, 
oil of vitriol, ſpirit of alum, ſpirit of nitre, ſpirit of ſea- ſalt, &c. (5.) Ar- 
tificial compound ſalts, by the combination of acids and alcalies, ſo as to ren- 


der them neutral; all which, - eafily diſſolve in water; but tartar of vi- 


trio] with the greateſt difficulty. (6.) Salts of the borax kind; which alſo 
difficultly diſſolve in water, and require the aſſiſtance of fire, for a conſi- 
derable time. (7.) The native ſalts of plants, artificially procured from ve- 


getable juices by depuration and cryſtallization; which eafily diſſolve in water, 


and even run ſpontaneouſly in the air. (8.) The vegetable ſalts arifing after 
fermentation, and called by the name of tartar z which difficultly diſſolve in 
water, and require a ſtrong heat. It is remarkable of this tartar, that it 
does not diſſolve in wine; and requires twenty times its own quantity of 
water to diſſolve it by boiling: and if the proportion of water be leſs, or 
the boiling heat begins to ſlacken, it preſently ſhoots from the water in 


little cryſtals. All the other ſalts, except borax, nitre, tartar, and tartar 


of vitriol, not only diſſolve in water, but even by attracting the moiſture of 
the air: pure acid ſalts do this readily, ſo do the fix'd alcaline and volatile 
ones. It is difficult to obtain pure acids in a dry form, and not without 
the higheſt degree of cold; but fix'd alcali, taken in a. melted ſtate from 


the fire, preſently attracts the moiſture of the air, as ſoon as the heat is a 


little diminiſhed : whence it is plain, that theſe ſalts have a latent power of at- 


tracting moiſture; and conſequently, that water exerts two diſtinct actions 


in dif olving theſe ſalts; the one attractive, and the other ſolutive z both 
which together, conſtitute the power of an aqueous menſtruum. We mult alſo 
obſerve that there are ſome ſalts highly attractive of water, and which upon 
their combination turn into a third ſubſtance, not eaſily diſſolvable in water: 


thus, oil of vitriol attracts water ſtrongly, and fix*d alcali with difficulty lets 
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go the water it had atttacted; but; if the oil of vitriol and fix'd alcali by 
mixed in ſuch a proportion, as to form a neutral falt, this falt will not 
diſſolve in water: and there are other examples hereof, in the making of 
compound ſalts, tho* ſcarce any in ſq high a degree. And all theſe ſalts 
requite à certain proportion of water to diſſolve them totally. But, when 
water is faturited with one falt, it will fill diſſolve another, without in- 
creaſing the degree of heat: thus; a ſaturated ſolution of nitre will diſſolve 
a conſiderable proportion of ſea-falt ;j-and the faturated ſolution of theſe 
two, will till diſſolve a proportion of fal-ammoniac. . | 

6, In the next place, water; as a menſtruum, diſſolves all thoſe? bodies 


* which ate called faline; and contain ſome of the above-mentioned. ſalts, as a 


incipal part in their compoſition, mixt in among othet parts which of them- 
e weider ſalts 867 Kune bodies, but ber wir Under this 
claſs we reckon, (1.) the native ſoaps of vegetables; for ſuch are all the ripe 
juices of ſummet . fruits, bein a mixtute of water, oil, ſalt, and ſpirit ; and diſſol- 
ving in pure water; for a farther account whereof, we refer. back to the 
er of yepetables; 2.) Certain particular cbnereted juices, —_ 
from the former, lodg'd and perfected in d particular — of the plant 5 az 
the pulp of <altis; manga; honey, ſügar, Cc. Theſe indeed might be ranged 
under the firſt claſs, the? they differ from them in the particulars here men- 
tioned, and alſo as containing leſs water ; they are however ſoaps, contain - 
ing a copious oil; mix'd in with falt, fo as perfectly to diſſolve in water ; 
without excepting even guns themſelves. - (3.) The more fluid 22 of ve- 

55 ; | 


getables, circulating thro* the veſſels; and whole ſtructüre of the plant; a 
the liquors afforded by the vine, the walnut, and the birch-tree, tapp'd in 
the ſpring All the Equors of this kind, though differing in different plants, 
are vegetable ſoaps, diluted in 4 large proportion of water, and thence. ren- 
der'd extremely capdble of being farther diſſolved by more. (4.) All the 
known animal juices, except fat; eafily diflblve in water, tho* none more 
eafily than perfect bile ; as 1 Tearnit by taking it freſh from the bodies of ani- 
mals, ind endeavoyring to inſpiſſate it with a gentle fire, ſo as to form pills 
thereof; for tieditinal üfe, and to Keep it long in an unaltered. Rate : but L 
found the maſs; thus obtained; diflolve ſpontantouſly in the air. (f.) All 
the ſoaps made of expreſsd vegetable oil, and fix d vegetable alkali, mix d, 
by means of boiling water, with the fiery part of quick. lime, and brought, 

y boiling, info a hard maſs, To theſe may be added all the ſoaps prepared 
from. diftil'd vegetible oils, united with the ſharpeſt, drieſt, fiery alkali, 
heated and firengthen'd by quick - lime; and thus prepared to receive the oil, 
by Hoang it thereon, and expoling the whole to the open aitʒ at ſome depth 
under ground. Ts theſe we alſo add thoſe other excellent ſoaps, obtain d 
oy es known means, by mixing pure diſtilbd oils with a j com volatile 
aſkaline ſalt, without the interpoſition of any foreign water, and barely by a 
flow, careful, repeated fublimation ; whetice admirable remedies are precu- 
rable. But the moſt ſubtile ſoaps of all are obtain'd by uniting the pureſt al- 
cohol with the pureft volatile alkaline falt 3 which, by a proper treatment, 

roduce an exceeding volatile, ſaline, ſulphureous and 22 ſubſtance, 
in the form of ſnow, yulgarly calbd the Ja Helmontiana; and by Lully * 
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tt of wine, quickned with ſal-ammoniac. We may ſtill add another ſoap, pre- 
per by N uniting ſalt of tartar with alcohol, by a ſecret treatment. 
all thele ſoaps, chemiſtry is perpetually diſcovering the moſt efficacious 
menſtruunis, and phyſic the ſafeſt remedies. It is dere remarkable, that 
tho? oils alone will not unite with water; yet, when join'd with the ſalts, 
they preſently diſſolve therein, whilſt the ſalts alone are attractive both of 
water and oil: whence we learn the methods of diſſolving oils in pure wa- 
ter, (6.) Under this ſaline claſs of bodies, capable of diflolving in water, 
we range vitriols, made by diſſolving metals by means of ſalts, eſpecially 
the acid kind ; for; theſe diflolve totally in water, whilſt they retain the true 
vittiblic form. Thus the vitriols of gold; filver, lead, mercury, iron, cop- 
* and tin, brought into magiſteries, ſalts, or vitriols, by proper acid 
menſtruums, and Tuck à proportion bf water as gives them a tranſparent 
cryſtalline form, ate diſſolvable in water ; and this the eaſier, the larger 
proportion of the acid menſtruum was uſed in making the vitriol: but when 
the water is exhal'd from theſe vitriols by a gentle heat, ſo as to render their 
cryſtals opake, the metillic parts ire thereby leſs diſpoſed to diſſolve in wa- 
ter } and, if highly dried, they will not diſſolve at all: tho" 232 
much of the acid ſolvent. Thus, if an ounce of quickfilver, which is ab- 
ſolutely undiflolvable in water, be diſſolv'd in an ounce of ſpirit of nitre, 
and the ſolution be a little inſpiſſated, this liquor may be diluted, in 22 
portion, with fair water; and if the ſoluton of quickſilver in ſpirit of ni- 


tre, be ſuffered to ſtand in a quiet place, white, and ſome what tranſparent, 
cauſtic cryſtals will Mot at the bottom; capable of diſſolving readily, and 


totally, in pure water z which cryſtals, being dried to a white, yellow, red or 


purple powder, will not totally diſſolve in water. Whence we ſee, that | 


water only diſſolves metals, on account of the acid adhering to the ſurfaces. 
of their particles; and therefore quits the metals ſo diſſolved, as ſoon as. 
the acid is remov'd. Thus we ſee, that metals firſt diſſolv'd in acids, 
the largely dikited with water, become potable, ſo as to be receiv'd: 
into the body, mix With the fluids, act ok the ſolids, and produes 
their peculiar effects, which are often very conſiderable ; as an acid 
and a metal united act with ſtrength upon the body; tho? this power 
laſts no longer, than Whilſt they remain diſſolved ; and their ſolution de+ 
ding chiefly upon the acid, if that be taken away, the metal remains no 
nger potable, or fit to mix with the juices, but turns to a calx. Whence 
we may underſtand the cauſe of the y of a vitriolic ſohation; which 
efficacy remains only ſo long, as the diſſolving ſalt and the diſſolved metal 
remain dituted together, in a large proportion of water; but when, by the 
weakneſs or inactivity of the diſſolving ſalt, the ſolution drops its ochre, the 
lquor becomes inefficacious, 


5, What is here ſaid of the action of an acid, with reſpect to water, holds 


true alſo of thoſe metals which are diſſolved by alkaline ſalts: thus copper, 
diſſolved in ſtrong ſpirit of fal-ammoniac, Was to afford a fine blue tincture ; 
if this tincture be depri vd of its ſalt, it is thereby greatly chang'd, and lets. 
fall a duſky- powder. The fame holds alſo of metallic ſolutions, made with 
compound ſalts: thus fal-ammoniac, or ſea · ſalt, may diſſolve metals in a certain 


manner, 
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manner, ſo that they may be diluted with water, and thus produce great ef- 
fects upon the body; whilſt their action depends chiefly upon their being diſ- 
ſolvable in water. And yet this does not hold of all metals; for tho? butter of an- 
timony, (or a ſolution of the regulus of antimony, made by the ſtrong ſpi- 
rit of ſea-ſalt, contain'd in the mercury - ſublimate) be highly acid; yet in- 
ſtead of diluting with water, it immediately, upon the ſion thereof, lets 
fall the antimony in a white calx ; which being fuſed by a ſtrong fire, af- 

fords a fine regulus of antimony, no ways capable of diſſolving .in water. 
Earthy bodies 8. If pure earthy bodies be firſt diſſolv'd in acids, they may afterwards 
difobved in be perfectly diluted with water, ſo as to leave the whole body of the liquor 
acids. limpid ; and in this form they may alſo produce their own effects. Thus, 
chalk, diſſolv'd in a proportion of acids, may be diluted with any 
of water: and I ſcarce know any earth but may be thus diſſolved 
y ſome acid or other, ſo as to eſcape; the cognizance of the ſenſes, 
Whence we ſee, how unſafe it is to infer, that a liquor is free from earth, be- 
cauſe it appears pellucid: even the true ultimate earth, obtain'd from the 
bones, c. of animals, may be thus diſſolv'd in acids, and then in water; 

thoꝰ it be ſtill recoverable, afterwards, by various means. - 

9. But tho? earthy bodies may thus be diſſolved in water, alkalies cannot, 
when” intimately united with earth, be afterwards diluted with water; as 
plainly appears in glaſs, which conſiſts of an alkali and an earth, intimately 
united, and is leſs ſoluble in water the cloſer the union: ſo great is the 
difference between the ſolution of earth, by one kind of ſalt and another. 
Alkalies, we ſee, ſubtily diſſolve earth into a fix d, 'tranſparent, hard body, 
which reſiſts the diſſolving power of water, more than any other body : but 
it appears ſtranger ſtill, that the ſubtile, volatile, alkaline ſalts of animals, in- 
timately united with earth, ſhould form a maſs undiſſolvable in boiling water: 
for, the ſtones generated in animals, I take to conſiſt of theſe two prin- 
ciples and oil; and in whatever part of the body ſuch ſtones are generated, they 
commonly produce terrible effects; as having a power of attracting and join- 
ing to themſelves a ſimilar matter, from ſuch animal juices. as approach near- 
eſt to putrefaction; viz. the bile and urine: which containin 2 nearly al- 
kaline, theſe ſalts unite to themſelves the fine earth, wore off from the parts 
of the body; and thus lay the foundations of new ſtones, or enlarge the old 
ones: and hence the daily increaſe of this monſtrous production, that brings 


» 


on terrible diſorders. 1, + | 
Natural a#i- 10. Hence we may perhaps deduce the reaſon, why the author of nature 
on in the ani- has inade nearly all the aliments of animals ineline to acidity; for, the acid 
mal boch. fſalts, on this account, predominating in the ſtomach, eaſier diſpoſe ſuch ali- 
ments to diſſolve, whole firmer. parts cohere principally by means of earth; 
whence they would otherwiſe much more difficultly be diſſolv'd into fluid 
chyle. But when afterwards a matter is to be form'd of this chyle, fit to 
bind the ſ. lids together, the tendency to acidity, which was neceſſary in the 
chyle, is changed, and an alkaline tendency of the ſalts introduced; which, 
by binding the earthy particles, rms a ſtructure indiſſoluble in water, and 
fit to reſiſt the action of the fluids. At leaſt, we know that bones remain ſo- 
ld and firm, if ſteep'd in alkalies ; but grow ſoft and flexible, if ATTY 
. | . nit 51 4 f | i1 | acl , 
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acids: as the ingenious Mr. Riqſb has often aſſured me, he found in his ana - 
tomical experiments. And, doubtleſs, when the power of changing aceſ- 
cents into alkalies is wanting in the body, the bones, cartilages, teeth, and 
ligaments, become ſoft, weak, looſe, and flexible; as we daily ſee in the 
rickets. Hence, phyſicians and ſurgeons ſhould be cautious, how they ap- 
ply ſtrong acids to the bones and teeth; ſuch acids, uſed in the way of den. 
trifice, with deſign to render the teeth white and gloſſy, may ſoon. render 
the perſon melancholy, nervous or paralytic : it is doubtleſs much better 
to uſe, for this purpoſe, the milder fix'd alkalies, or alkaline ſolutions well 
diluted with water ; whereby the earthy part of the teeth will remain un- 


hurt, | 


. Theſe ſulphurs do not of themſelves diflolve in, water, but readily $.Þur: unt. 
unite therewith after being intimately mixed with alkalies : whence we may ed with al- 
eafily underſtand the medicinal virtues of the ſulphureous mineral waters. ien 


Volatile alkaline falts will alſo diſſolve ſulphurs, and render them miſcible 
with water; ſo that we ſee, water, by the aſſiſtance of alkalies, becomes an 
excellent ſolvent of ſulphurs. And as this is applicable even to the ſulphurs 
which lie concealed in metals and ſemi-metals 3 hence we have a way of ma- 
nifeſting and producing to view ſuch 1 as before lay hid; by which 
means, ſlight productions have been ſold at high prices, as great ſecrets, to 
unſkilful purchaſers: and thus even princes themſelves have been often im- 
ſed upon. I have ſeen a liquor, prepared from antimony, ſold under the 
pecious title of a Panacea; a few drops whereof, taken in wine, were ſaid to 
cure diſeaſes ſpeedily, without any ſenſible effect; and indeed they did ſer- 
vice in ſome diſtempers: but ſecrets, once diſcovered, are apt to be deſpi- 
ſed, when they are to be had cheap, without the diſguiſe of a myſtery. 
Thus, upon examination, I eaſily diſcovered this liquor was 8 from 
taking levigated antimony, by putting twice its quantity of o/eum tartari per 
deliquium thereto, and digeſting them in a ſand-heat together; whereby the 
liquid alkali, diſſolving in the ſulphur of the antimony, thus extracts a ted 
tincture, of a-fiery taſte, and an alkaline, heating, n. diuretic, and 
diaphoretic virtue. But, to ſay the truth, as good a medicine may preſently. be 
procured by boiling common ſulphur in an alkaline lixivium: as the ſulphur 
of antimony does not differ from eommon brimſtone; and as the alkali does 
not diſſolve the metallic part of the antimony.. In like manner, by di- 
getting powdered antimony with the allcaline ſpirit of fal-ammoniac, a golden 
ulphureous tincture may be obtained; and as good an one from common ſul- 
phur, as Mr. Boyle has 52 But there is no end of deceit and impoſition 
in this way; people delighting in being deceived, and ſome of the rich, in 
thus throwing away their money z whilſt there is no end to the avarice and 
boaſting of the pretenders to ſeerets in-phyſic. - T5 Fx 
12. Such bodies alſo, as confitt of a glutinous, viſcous, or hard ſubſtance, Rey/ow.. 
and therefore remain untouched by water, may yet be rendered perfectly ſo- 
lable therein; by firſt uniting them intimately with fixed or volatile alkalies. 
Fhus we find putrefied urine, ſalt of tartar, ſoap, gall, honey, ſugar," yolk: 
of eggs, &c. being mixed with theſe tenacious bodies render them commodi- 
oully diſſolvable in water; which hence generally acquires adeterging, cleanſing; 
| | power. 


* . 


The Theory of. CHEMISTRY. 


.- Olls, balſams, roſins, gums, Sc. by this treatment, become mif- 
i ages hag eee have explained the principal cMeQs of water, ag 
a ſolvent upon all the kinds of bodies ſuited thereto z and to which all others 
may be referred. i . 
13. Having explained the andert * of water, we need not be 
large upon aqueous menſtruums, which would lead us to a repetition 
What is above related; I ſhall here therefore only add a few remarkab 
particulars: and, (1.) Hail, collected in the ſum mer- time, after a ſeries of 
bo weather, and thunder conſequent thereon, being kept in clean veſſels, 
a different effect from all other water ; perhaps on account of being purer, 
carried higherinto the ne weg and froze — apes fell lower. (2.) Next 
ta this in purity, we reckon ſnow · water, collected in a cold winter, ina till air, 
3 ui frndy deſart place, and from the upper part of a deep drift. (3.) Dew 
2 being mixture of Ben Ipirituoys, ſaline and unctuous vapours, and of all 
ſorts 1 dry exhalations, differs greatly from all other aqueous menſtruums; 
6 that the effects of dew can ſcarce be determined, or brought under one 
als, Whenes it is no wonder, that many bave thought the matter of the 
uniyerſal ſalt was concealed therein; and that a faline ſubſtance, which the 
call the congealed ſpirit of the univerſe, might be extracted from it. But it 
time to proceed to the other kind of menſtruums z only firſt obſerving, 
f water floating in the air, may often act as a menſtruum, and the action 


be falſely aſcribed to the power of the air. 
SECT. IV. 
Of Orts, ad Oiry MexnsTRUUMS, 


NIL. conſidered as a menſtruum, is a fluid juice, (or le of being 
rendered fluid with a ſmall degree of heat) unctuous, ing in the 
fire, and immiſcible with water. Alcohol is excluded from the claſs of oils, 
by its being eaſily miſcible with water; whilſt in other properties it has a per- 
fe& reſemblance to them. All the oils we know are either native, as they 
exiſt in bodies, or are abtain'd; from them by art, eſpecially by chemiſtry ; 
which always alters their nature: and every one muſt make this difference, 
as we find it real from the difference of their efficacy in the way of ſolvents. 
Native ails therefore are every where found in foſſils, vegetables, and ani- 
mals ; and theſe oils are changed-by art, upon boiling unctuous bodies in 
water, fo as to melt the fat, and extract it from its lodgment: whence, b 
its lightneſs, it floats upon the ſurface of the water, and may be ſkimmed off 
without much changing its nature. Another way of obtaining it is by ex- 
preflionz when, the oily. ſubje& being bruiſed, it is ſqueezed betwixt iron- 
nlates in a ſtrong preſs, and the oil forced out. Whence, if too much heat 
be not uſed in che preſſing, the oil here alſo is but little changed. Some- 
mes a fire is uſed. for the purpoſe ; ſo as to ſcorch the oily ſub- 
ject, and melt the ail away from. itz as in the obtaining of: pitch * 


= 
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Ne of fir, Sc. Laſtly, oils are obtained by diflillifdon in the 
alembic, with water, per aſcenſum; and by the retort, or per deſcenſum, 
when the fire is placed above the ſudject. | | 
2. It is re ble of theſe diſtilled oils, that ſearce any of them congeal, Mo concre- 
but remain fluid in the greateſt natural cold; whereas moſt of the oils ling. 
- expreſſion congeal, with ſtrong cold, into a maſs, confifting of little 
globules united ; as we ſee in oil-olive, rape-oil, Sc. Whilſt '6thers of 
them, as linſted- oil, do not freeze in the keeneſt froſt, I have frequent - 
ly conſidered this remarkable difference in oils, without being able to diſco- 
ver whereon it depends. Their diſſolving power is not exerted, ' unleſs th 
be in a fluid form; and as ſome of them e ſooner than water, their diſ- 
ſolving power is leſs durable, with reſpect to cold, than that of water; but 
thoſe which remain fluid in all the degrees of natural cold, eonſtantly te- 
tain and preſerve their power of diſſolving. Whence it appears not eaſy to 
fix a common point of heat in nature, at which the diſſolving power of oils 
begins z tho" it > or nearly limited 'in any one ſpecies of oil, after it is 
once accurately obſerved. And here it may appear ſurprizing, that though 
linſeed-oil remains fluid in the ſevereſt froſt; yet, upon examination, it is 
then no hotter than ice, or any other gn oil. ; 
3. When vil is heated by a gradual, well-regulated fire, it does not boil % as 
with 212 degrees of heat, as water does; but grows conſtantly hotter by the je. 
fame fire without boiling, till the heat riſes to 600 degrees: whence we ſee 
why ' boiling oil is ſo much hotter, and more ſcalding, than boiling water. 
But all oils do not boil with the fame heat; the lighteſt and moſt ſubtil boil 
the ſooneſt, and with the leaſt heat: whereas others boil lower, and receive 
more fite before they will boil. Thus, rectiſied oil of turpentine boils ſoon, 
but oil of linſeed late, Where we fee the difficulty there is to determine 
the diſſolving power of oil; becauſe in linſeed-oil, for example, this power 
begins with the greateſt degree of natural cold, from whence it increaſes up 
to boo d „and in each degree of increaſe conſtantly acquires a. new. 
of acting; whether it be upon the ſame body in Giſcrent degrees of 
eat, or upon different bodies, in the fame or different degrees: in both 
which re the ſcale is infinite. | | | 
4. To illuſtrate this, take three equal phials, of the ſame figure and height, Sewn by ex- 
fill one with alcohol, the ſecond with dil of turpentine, and the third with periments. 
oil olive ; put them into a copper of pou rain-water, along with Fabren- 
beit's mercurial thetmometer; then lighting the fire, and keeping the water 
ſtirring, that ĩit may heat equably; when [the water comes to be a hundred 
ſeventy five degrees hot, the alcohol will boil ſtrongly: this phial therefore 
being taken out, and the water being farther heated to 213 degrees; this al- 
ſo will boil, and the mercury in the thermometer expand no more, tiow 
ſtrong ſoever the fire be made. At the fame time, neither the oil of turpen- 
tine, nor the oil-olive will boil at all. Whence we perceive this remarkable 
difference, that alcohol, tho? it be an attenuated, inflammable oil, boils much 
ſooner than water; and that oil of turpentine, though much lighter than wa 
ter, and conſiderably thin and inflammable, does not boil when the watet 
does ; any more- than oll- olive. 9 neither inflammability, nor levr- 
X X ty. 
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ty, nor volatility, is here the cauſe z fince oil of turpentine is ſo volatile, az 
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to riſe with boiling water in diſtillation. | ARR. 
5. Again, the apparatus being the ſame, only a brine of ſea-ſalt, made 


- as ſtrong as poſſible by boiling, being uſed inſtead of the water; you will 


find, that when the thermometer ſtands at 175, the alcohol again will 
boil ; when the thermometer riſes to 218 degrees, the brine will boil z but 
the thermometer will now riſe gradually; becauſe, by the ſtrong boiling of 
the brine, water is diſcharged, and the liquor made ftronger ; but till the oil 
of ntine, and oil-olive, will ſhew no ſign of boiling. 

_ 6. The following experiment ſhould be made with care, Fill two thirds 
of a ſmall long-necked phial, of an equal thickneſs, with oil of turpentine ; 
heat the whole glaſs gently, to prevent its cracking; then ſet it over a clear 
ſoft fire, to be increaſed by degrees; it will thus be long before the oil comes 
to boil ; but at length it will boil ſtrongly with a great crackling, and conti. 
nue boiling thus violently, long after it is removed from the fire; whereas al- 
cohol ceaſes to boil, as ſoon as the containing phial is taken from the fire; 
and ſo does water preſently after. To diſcover the degree of heat in this oil 
before it boil, put ſome linſeed-oil into a copper - veſſel, and ſet it upon a na- 
ked fire; place a mercurial thermometer therein, along with the phial of oil of 
turpentine z which will be found to boil much ſooner than the linſeed- oil; 
whilſt the thermometer ſhews the degree of heat. But as theſe oils, by boil- 


ing, throw off their more volatile parts, and leave the remainder thicker, 


they now require more heat, every moment, to keep them boiling. Whence 
Phyſicians need not wonder, that theſe oils, rendered thick by boiling, heat 
the body ſo violently ; which I take to be an uſeful obſervation. 

7. In the ſame manner, if a glaſs- phial of freſh-drawn oil of almonds be 
ſet upon a naked fire, and continued there, ſo as not to melt the glaſs ; this 
oil will then boil with a quiet equable motion, in a heat of above 600 degrees, 

8. Having thus ſeen * oil will receive almoſt thrice as much fire as water, 
we may hence eaſily underſtand that the diſſolving power of ail, which power 
in menſtruums depends upon fire, muſt be much greater in oil than in water: 
for, ſince many oils remain fluid in the firſt degree of the thermometer, where- 
as water freezes at about the thirty third; and fince the ſcale of heat in wa- 


ter, whilſt it remains fluid, is but 180 degrees, (its freezing point being 33, 


and its boiling heat 213 ) and fince the ſcale of heat in linſeed-oil is at leaſt up 
to 600; it follows, that the power of heat in this oil, is to the power of heat in 
water, as ten to three: which could ſcarce have been diſcovered 4 priori, And 
conſidering that many oils, inſpiſſated by boiling, may thus receive much more 
2 hence the ſcale of the power of heat may be ſtill farther extended in 

uch oils. | 
9. It is found, by experience, that the bodies of animals, and all their 


Hung as alſo of vegetables, are kept from diſſipating, fermenting, putre- 
ing, 


and changing, by being carefully plunged in oil; and this for ever ſo 
long a time, even in the hotteſt climate, Inſects likewiſe, which are apt to 
prey upon and deſtroy bodies, are prevented from doing it, when cove 
Sith oil; as being kept entire, whilſt they remain buried therein. And 
after theſe. bodies have remained covered with oil for a proper ſeaſon, - 
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as to be thoroughly impregnated there with, they ſeem to become almoſt in- 
corruptible; at leaſt they are capable of thus being long preſerved ; as appears 
from carcaſſes treated in this manner: upon which diſcovery the art of 
Mn principally depends; the origin and efficacy whereof is hence ma- 
nifeſt. | 
10. If bodies are ſuddenly plunged into boiling oil, they preſently acquire The «fs of 
a hard and almoſt ſtony — of — colour which aſvally- — in badies boiling oil ap. 
ſcorched by a naked fire; viz. yellow, red, or black;; whilſt the inner *. 
ſubſtance, being agitated by the great heat of the boiling oil, is wonderfuliy 
changed, digeſted, and ripened , till at length the whole is conſolidated, 
and . for great lengths of time. But when theſe bodies a- 
bound with aqueous juices, as in fleſh or fiſh, dried only on the ſurface ; theſe 
Juices, contained within the external cruſt, being thus more than boiled, be- 
come ſurpriſingly ſoft, roſcid, digeſtible, and nutrimental. And food, thus 
treated, may be preſerved for a long time; as, all the principles of bodies ſo 
repared, being intimately united, perfect one another, and turn to a ſub- 
ince that is well defended from the action of external cauſes. | | 
11, Hence we may draw ſome unexpected conſequences; as, (1.) That Conſequences. 
the degrees of heat, received by bodies from fire, are not in proportion to | 
the denſities of the heated bodies. (2). And yet, that in the ſame bodies, gra- 
dually rendered more denſe, more fire may be communicated in proportion 
to the increaſe of their denſity. (3.) That the power of receiving a greater 
degree of heat does not depend upon the bodies — combuſtible in the fire: 
thus alcohol being brought to boil, does not receive more fire, or heat; tho? 
nothing in nature is more combuſtible; nor does any known liquor receive 
leſs fire, Whence again we fee, it is in vain to ſeek after general properties in 
chemiſtry ; but we are to diſcover the particular ay ant of bodies by parti- 
cular experiments. (4.) That ſome metals may be intimately diſſolved in 
| ſome oils by . ſo as thence to form a mixture not eaſily reſolved into 
its principles: and, by this means, many noble diſcoveries have been made 
for mechanical and medical purpoſes. | 
12, Thus, for example, put half an ounce of red-lead into a long-necked Zaadaigobved 
phial, and pow to it an ounce and a half of oil-olive, and ſhake them well is 0 
together; heat the glaſs carefully, then ſet it over the fire, ſo as almoſt to 
touch the coals, and bring the oil to boil : upon which, the red-lead will 
diſſolve, and mix and unite into a maſs therewith, when the oil has acquired 
a great degree of heat : and thus a metallic balſam, or an excellent cement 
for water-works, may be prepared. The ſame experiment will ſucceed, if 
made with granulated lead; the lead firſt melting at the bottom, even before 
the oil begins to boil, or fume, Whence we ſee, that lead is more eaſily 
melted than glaſs; and that oil cannot be made to diſſolve glaſs, with any 
degree of heat the oil will receive: and hence we ſee the reaſon, why melted 
lead ſcalds leſs than boiling oil, and may be nimbly handled ; if the ſkin be 
fitſt rubbed over with dry chalk. This experiment might prove dangerous, 
if a T of water ſhould fall into the glaſs z or any aqueous vapour ariſe from 
the boiling oil, and fall back upon the boiling matter. The ſame experi- 
ment alſo ſucceeds with tin, and a mixture of tin and lead; the ſolution 
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whereof together, is quicker. performed than of either alone. Hence apai 
we may draw farther conſequences z as, (1.) That oils receive, and 2 
tain much fire before they boil. (2) That no fluid in nature receives more 
fire than oil: for all lixiviums, and oil of vitriol itſelf, boil ſooner, and prove 
leſs hot upon boiling : even quickſilver it ſelf boils rather ſooner, or nearly 
about the ſame time. (g.) That a great force of fire muſt act upon oils, be- 
fore they riſe in vapour. (4.) That oils communicate the fame force of fire 
they receive, to the veſſels in which they are boiled: whence, tho' water 
may be boiled in veſſels of tin or lead, yet oil cannot. (5.) That the ſame 
farce of fire, received by the oils; is communicated to the metals contain- 
ed therein. (6.) Phat we cannot eaſily find a way of communicating more 
fire to oil than by boiling itz for if we would endeavour to make oil collect 
more fire, we muſt find a way of compreſſing the oil in the containing veſſel, 
with a. greater weight than that of the atmoſphere 3 whereby indeed heat 
might be ĩncreaſed in proportion, as we ſhewed in the chapter of air and 
water,  Whence it appears that oil, compreſſed by the increaſed weight of 
the atmoſphere, at great depths in the earth, may acquire a moſt violent 
heat, if it ſhould there meet with-a-ſtrong fire; when, if water ſhould hap- 
pen to touch the oil in this ſtate, it might occaſion moſt terrible earthquakes: 
which may —— be one phyſieal cauſe of Vulcano s. (7.) Oils, whilſt 
they remain fluid, will not permit more heat to be communicated to the 
containing veſſel than to themſelves; and therefore prevent all veſſels from 
ing, which will not fuſe with leſs than 600 degrees of heat. (8.) Hence 
the author of nature has ſet a limit to fire; which limit checks its power 
upon the moſt inflammable matter we know. 
Oil: ad 13. In order to explain the diſſolving power of oils, we muſt remember, 
means of their that every expreſs'd, crude, vegetable oil, conſtantly contains water; as may 
13 eaſily appear upon - boiling expreſſed oil of almonds in chemical glaſſes; 
whereby an aqueous vapour is raiſed, and condenſing in the neek of the 
veſſel; forms viſible drops, which falling back upon the boiling oil, occafion 
great commotion and crackling. Hence, oils act in their diſſolving ca- 
ity; by means of this latent water, according to the degree of fire applied; 
whilſt the crackling and commotion; thus occafioned in the boiling, may in 
ſome degree affect the manner of ſolution : and hence, alſo, after this water 
is-diſcharged by long boiling, the property of oil, as a menſtruum, is chang- 
ed ; for oils that have long been boiled, diſſolve bodies differently from 
what they. do when crude. i 
14. But, beſides this water, oils contain a certain ſubtile, latent ſalt, ſup- 
pn to be very penetrating, and which is generally acid, and volatile; as in 
ome of them-is manifeſt by the ſmell, Theſe ſalts appear in the form of acid 
ſpirits, collecting themſelves like water, and ſeparating from the oil, fo as 
not to be again eafily-mixed therewith; tho? it is not eaſy to free the oil 
ly from its acid: for, if the native oils, or turpentines of the pine, 
or. fir, be-diſtilled with degrees of fire, an acid ſpirit always riſes, during 
the whole diſtillation ; but, in the greateft quantity at firſt : and the ſame 
holds, in ſome degree, of moſt other oils, | 


— 


15. 
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15. When, therefore, chemiſts would aſcertain the diſſolving power of 
oil, they ſhould carefully diftinguiſh whether the effect be not owing to the 
water and acid they contain; otherwiſe great errors might ariſe : for, we ſee 
in painting, that colours diſſolved in oil, which has been boiled, unite and 
fink in better, dry. quicker, and remain more beautiful, than when med 
up with crude oil. And thus, alſo, the particular power, which the ſofteſt 
oils are ſuppoſed” to have of diſſolving metals, in a gentle heat, ſeems princi- 

lly owing to the latent acid; and not to the oily part: it having been ob- 
ſerved, that oil - olive, when mixed with very fine filings of iron, copper, 
or lead, and long digefted together, a part of the metal is thus taken up 
by the oil, ſo as to give it a new colour, and extraordinary rties : 
hence, the power of oil as a folvent, has been extended too far; for, this 
power does not remain in oils, after they have been long boiled, and are de- 

ved of their latent acid. Hence, the poliſhers of braſs, and copper, 
— obſerved, that their work cannot be well preſerved from ruſt and tarniſh, 
by rubbing it over with crude oil; but much better, by beſmearing it with 
boiled oil ; eſpecially, if a little ceruſs, or black - lead be added in the boiling, 
ſo as perfectly to imbibe this acid: by which means, an excellent unction is 
obtained, for preſerving the poliſh, and edge of ſuch metallic veſſels and in- 
ſtruments. Dr. Hoffman (a) has ſhewn by experiment, that, even diſtilled 
oils contain an acid; for, by grinding the diftilled oils of lavender, and 
of turpentine, with falt of tartar, he thence obtained a neutral ſalt. So, like- 
wiſe, a gentle diſtillation ſeparates theſe ſalts from ſuch oils: for, thus the 
oil of turpentine, and. of juniper, will afford an acid liquor. 

16. Thoſe vils which are obtained by diftillation, from alkaline, or pu- Semetimer, 
treſied vegetable, or. animal ſubſtances, abound with volatile alcaline ſalts; contain u. 
which may be copiouſly ſeparated from them, by a gentle fire, in_a white 1 «/ta6. 
ſolid form: whenever, therefore, we would explain the properties of oils, we | 
ſhould carefully ſeparate them from all foreign ſalts, and examine them pure; 
otherwiſe we can never form a right judgment of their virtues. 

17. But here it is neceſſary, before we conſider oils farther, in the way of Simple oils. 

menſtruums, to examine how long they may remain in an oily ſtate z and 

with regard to this, there are ſeveral remarkable particulars: for, oils ob- 

tained by diftillation with water, or without water by the retort, conſtantly 

leave earth behind them, upon being re · diſtilled to dryneſs in. cloſe veſſels ; 

and gradually become more. ſubtile, leſs adheſive, more fluid and tranſpa- 

rent : and when re-diftilled fourteen times or more, they each time become - 

different oils, and leave an earth behind them; ſo as, thus, at le ta 

become penetrating anodyne medicines, excellent in many obſtinate diftem- 

pers: and each time, alſo, they make a different menſtruum : whenee the CE 
elder Helmont imagined that the oil of human blood, thus diſtilled ſeveral times | 3 
with ſpirit of falt, till no feces were left behind, would prove a diapho- * 
retic medicine, capable of diſſolving, like a menſtruum, all preternatural, in 
and otherwiſe mortal obſtructions, and coagulations, in the body ( 5). The li 
excellent Dr. Haffnan (c) aſſures us, he has prepared oils in this — i 
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art, gives a high commendation of their medicinal virtue: and another leſs 
faithful writer affirms, that the univerſal remedy may be obtained by means 
of an oil prepared in this manner. The antient chemiſts have deſcribed theſe 


oils ſome ages ago; and goubtleſs, menftruums may, hence, be procured 
of an almoſt . inimitable en virtue: upon which . Raymond 


Lully, and Jſaac Hollandus, have left us large proceſſes, which may deſerve 
to be conſulted. All kinds of oils have a certain ſubtile, volatile ſubſtance 
adhering to them, and ſeparable from them, called by the name of their 

reſiding ſpirit; which is a moveable, odorous, r thing, produced 
b his ſpirit being innate in 
oils, detained and confined in them, communicates thereto a ſingular effi- 
cacious virtue, no where elſe to be found; and, when it entirely quits the 
oils, it leaves them ſluggiſh and unactive, ſo as to be ſcarce, diſtinguiſhable 
from one another : — as it ſpontaneouſly exhales from many of theſe oils, 
with a gentle heat, it mixes with the air, and leaves them inſipid, and un- 
active; ” as to render them incapable of performing what they did before. 
Their diſſolving power ſeems chiefly owing to this, that oils are. diſpoſed 
to receive much fire into themſelves, and apply it to other bodies. 

18. 1.) Moſt oils mix with other oils, tho' ſame of them not eaſily ; as 
in the diſtillation of turpentine and amber; where the oils, raiſed by diffe- 
rent degrees of fire, are different in weight, confiſtence, colour, and ſitua- 
tion, ſo as not readily to unite with each other. (2.) True reſinous bodies 


melt and diſſolve in oils. (3.) So do many of the gums, eſpecially ſuch as 


have a mixture of roſin. (4.) So, likewiſe, do condenſed oils or balſams. 
(5.) So do ſulphurs, both the native and artificial, and both the liquid and ſolid; 
and this, tho? concealed in other bodies. Thus antimony, finely. powdered, 
or ſublimed into flowers, being boiled with oil, ſoon affords a thick red 
balſam of antimony ; tho? it proceeds only from the ſulphur of the antimony, 
diffolved by the oil, which leaves the metallic part untouched : and the 
ſame holds alſo of other ſemi-metals, abounding with ſulphur. 


- 
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/ Arconork, or ſpirituous MensTRUUMS 


properly ſo called. 


I, HE alchemiſts, or thoſe called the adepts, are large upon the ſubject 

of ſpirit of wine; which, when reduced to its higheſt ſubtilty, they 
employed in the preparation of all their other ſecret menſtruums; as ap- 
Years in the Circulatum of Paracelſus : whence the induſtrious Weidenfeld 
is of opinion, that the adepts have clearly deſcribed all their ſecrets, but only 
"concealed their philoſophic ſpirit of wine; which, being once known, all the 
reſt would be intelli ible: The juſtneſs of this opinion may be doubted ; but 
it is eaſy to ſhow, that the ſpirit of wine, which the adepts have deſcribed 
by its particular marks, is the ſame that we are poſleſs'd of as appears from 


its ſubtilty, volatility, manner of preparing, fragrance, running veiny in di- 
; 2 | ſtillation, 
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ſtillation, total inflammability, firing linen when burnt thereon, uniting 
with ſalt of tartar, making the offs Helmontiana, extracting a ſubtile ſulphur- 
from animals, vegetables, and minerals, its preſerving virtue, preventing 
putrefaction, Cc. It is true, other properties are aſſigned it by the adepts, 
not to be found in our aleohol; as particularly, its power of diſſolving ſalts: 
but it may be doubted, whether this ariſes from miſtaking the ſpirit, or 
from not knowing the requiſite, ſecret preparation of theſe falts ; wherein 
ſomething wonderful often bes concealed, — | : 

2. Eminent chemiſts. have aſſerted in their writings, that alcohol could May unite © 
not be united with a pure fixed alkali ; and this is no wonder, as the effect 5979 fired 
may be prevented by the leaſt aqueous moiſture in either the ſalt, or the 
alcohol. But, if pure alcohol be applied to perfectly dry falt of tartar, a 
rich tincture is immediately extracted, and a true combination made. Hence, 
ve cannot be too inquiſitive into the nature of this liquor, which, on account 
of its excellence, we eſteem the firſt among the ſpirituous menſtruums. | 

4 This alcohol is procured from vegetables alone, by bare fermentation, How pre- 
and repeated diſtillation : it is beſt obtained from wine, .mead, or beer: pared. 
for, , tho? theſe liquors may quench fire, yet the ſpirit obtained from them by 
diſtillation, is — and, when all water is perfectly ſeparated from 
this ſpirit, we obtain pure and perfect alcohol ; which, therefore, in almoſt 
every reſpect ſeems to be an extremely ſubtile, vegetable oil: tho' in its 
groſs ſtate, its parts are ſtrongly attractive of one another; ſo as to make 
it form into drops, and not mix with water: but, when turned into alcohol, 
theſe parts loſe both of their attractive and repulſive power; whence, oil is 
called alcohol, when it mixes with water, and is totally inflammable. Ani - 
mal, and vegetable ſubſtances, when perfectly putrefied, may have their 
oils ſo ſubtilized and volatilized, as to be inflammable in the open air; and by 
repeated diſtillation, ſuch oils may be ſo attenuated, as almoft to mix with 
water. When, therefore, the diſſolving power of theſe ſpirits is to be de- 
termined, we muſt, firſt, regard what kind of ſpirit it is: for common brandy. 
contains much water, a liquid acid volatile ſalt, a diſagreeable oil, and alco- 
hol; rectified ſpirit of wine contains leſs water, leſs of the nauſeous oil, a vo- 
latile acid ſpirit, as before, and mere alcohol. Perfect alcohol, prepared with- 
out addition, contains neither water, acid nor groſs oil; and if once gently, 
drawn off from fixed alkali, by diſtillation, it becomes highly purified : and 
as there are theſe differences in this ſpirit, we are carefully to regard them. BID 

4. (1.) Perfectly pure alcohol diffolves water, and all aqueous liquors, = --»—gha 1 
(2.) And, conſequently, wines of all kinds. (g.) It diſſolves all ſpirituous — 

ermenting acids; as the tribe of vinegars. (4.) All pure oils. (5.) All true 
vegetable roſins. (6.) Moſt of the gummy roſins. (7.) Pure volatile, alkaline 
ſalts. (8.) Perfectly dry and fixed alkaline ſalts. (g.) Moſt of the ſoaps. 
(10.) Sulphurs, firſt opened and diſſolved by alkalies ; but it does not touch 
compound or native ſalts; as; ſal-· ammoniac, ſea-falt, nitre, &c. nor pure 
earth, pure ſulphur, mercury, metals, ſemi-metals, nor ſtones, whether vulgar - 
or precious. 7 
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$80 
Of the alkaline, and acid ' ſpirituous Mens TRUUM s. 
WRIT + . 0 ST chemiſts, under oily and ſpirituous menſtruums, have 0 
— 4 two kinds, which might rather be termed ſaline or — 
rit. This ha , "becauſe theſe menſtruums uſually appear in an unctuous 


form; and are generally not only volatile, but liquid and ſubtile : whence, 
ſome acids, and ſome alkalies have [been called by the name of ſpirits, 
on'account of their ſubtile, volatile, and -unRuous appearance; tho* they 
differ vreatly from each other, not only in kind, or as to acid and alkali, but 


alſo, acid from acid, and alkaline from alkaline ſpirit. We, therefore, firſt, 
divide the ſaline ſpirituous menſtruums into the acid and alkaline tribes ; this 
Uiſtinction being abſolutely neceſſary. Next, we divide the 'alkaline ſpirits 


from one another; ſome of them being ſimple, and others compound. The 


_ ſimpleſt of theſe conſiſt of water, and an extremely ſubtile, volatile, alkaline 


ſalt, both together appearing in the form of a thin, pellucid, and ſome what 
unctuous liquor; as the pure alkaline ſpirit of ſal-ammoniac; and to this 
claſs, belong the numerous alkaline ſpirits obtained both from animals and 

les, after being deprived of the oil that is apt to adhere thereto; as 
we daily fee ptactiſed by the chemiſts, who can thus produce them from the 
hot, antiſcorbutic plants, putreſied vegetables, and all animal ſubſtances, 
The more compound kind, uſually conſiſt of water, the volatile ſalt juſt 
mentioned, and a fetid'oil ; into which three parts they may be ſeparated : 
and, therefore, ate a kind of volatile alkaline ſoap, diluted in a proportion 
of water barely ſufficient to diſſolve it. The acid, and commonly volatile 
liquors, are alſo called ſpirits, by the chemiſts, for the reaſon above-afligned ; 
but all theſe, when examined, prove to be acid falts diſſolved in pure water. 
Thus, oil of vitriol, and oleum ſulpburis per campanam, ſeveral times diſtilled 
with N become in a great meaſure volatile. Upon this conſidera- 
tion, therefore, I ſhall here drop the name of ſpirits; and for the future, 
call them by the name of faline menſtruums. 


SECT. VI. 
Of the fimple, ſaline MensTR&uus. 


1. 11 is a-faying of the alchemiſts, that ſuch as do not underſtand falts 
can never arrive at the grand ſecrets; and no wonder, as various 
falts have great energy in the diſſolving of bodies: thus, if we may credit 
the ſublimer artiſts, that famous ſolvent, called the Circulatum, is ſaid to 
have been made by Paracelſus, from ſea-falt ? Thus much is certain, os 

ts 
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falts have an exceedingly great power, in the whole buſineſs of menſtruums; 
whence, I have beſtowed no ſmall pains thereon. 


* 


2, I call falt a body which diſſolves in water, and, if not volatile, fuſes in Their parti- 
the fire, and, having a ſapid taſte. When a falt is pure, or either naturally, ces in 


or artificially ſeparated from every thing elſe, it conſiſts of particles too mi- 
nute to be diſtinctly and ſeparately viewed, even by the help of the beſt 
glaſſes; ſo that we can pronounce nothing as to the figure of theſe particles. 
And, when ſaline bodies are reſolved into the ultimate particles, from 
whence they are formed, they thus ſeem to become perfectly volatile; ſo as, 
when ſeparated from each other, and from all foreign ſubſtances, to fly off 
into the air: as we ſhewed by experiment in the chapter of earth. There-. 
fore, when theſe laſt particles of pure ſalt concrete into ſenſible cluſters, they 
always are held together by ſome intermediate particles ; particularly thoſe of 
water and earth, which here ſerve for a cement, and make the aſſociation 
permanent. Hence, we ſee, that as the original particles of ſalt can ſcarce. 
ever be confined in veſſels; ſo, we can ſay little of their chemical actions: 
but, when they appear in a ſtable form, we may have ſome certainty of 


them in this compound ftate. | 
We muſt next conſider the principal differences of ſalt, ariſing ; opiclly e lin: of 
tho? Vall. 


fm the different faline principles of which they are compoſed: 
theſe principles are ſeparately unknown; yet, doubtleſs, they have a certain 
peculiar pro reſp vg. A ſecond difference ariſes from the other 
inciple, which uniting with the ſaline one, conſtitutes the ſalt, We, there- 
Fire, divide all kind of ſalts, into, ſuch as differ, either in reſpe& of 
their ſaline principle, their connecting principle, or both, And with 
to the firſt diviſion ; I diſtinguiſh falts, and ſaline menſtruums, into the fol- 
lowing claſſes z viz: (I.) Fixed alkalies. (2.) Volatile alkalies. (3.) Native 
vegetable acids. (4.) Fermenting vegetable acids, (5.) Fermented vegeta- 
ble acids. (6.) Vegerable acids obtained upon burning. (7.)' Vegetable acids 
procured by diſtillation. - (8.) Native foſſil acids. (9.) Foſſil acids | 
y burning. (10.) Foſſil acids procured by diſtillation, (11,) Neutral acid 
ſalts . e nitre, pit · ſalt, fal- ſea-ſalt, and fal-ammoniac. (12.) O- 
ther ſalts compoſed: of theſe fimple ones. Each of which falts ſhould be 
examined, in order to find! out their peculiar properties; whereby we may 
come to a true knowledge of them, ſo far as regards the diflolving of bodies. 


_ CA. 
Of fixed" Alkali, as a MensTRUUM © 


1. FF HE, Oriental and Eeyptiav word, Kati, denotes a certain plant Paas alls 


| abounding with ſalt, and growing upon the ſea-ſhores, and 
of the Nile, and the Syrian river Pella, 7 Pliny relates from antient au- 
thors. This plant being hurnt, in its perfection, affords aſhes of a remarkable 
ſharp ſaline tafte.; and if theſe aſhes be boiled in water, they make a ſtrong 
lixivium, which upon ſtanding r. its earthy part, as being 2 
1y 0 
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Its marks. 
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of diſſolving in water, or burning in the fire. This lixivium being boiled 


in an iron-veſſel, to perfect dryneſs, leaves a white ſolid maſs behind it, per- 
fectly diſſolvable in water, and of a high cauſtic taſte: whence, from the 
manner of preparation, the ſalts of this kind, are called lixivial, or more 


| cpa; alkaline ſalts z and ſometimes, alſo, by the name of rochetta, or 
ſoda. This 


kind of ſalt makes frit, with any ſtony matter capable of ftriking 

fire with ſteel ; and of this frit, glaſs is prepared. When rendered ſha 
by quick-lime, this falt makes the ſoap- boilers lee, which, when boiled 
with fat, or oil, conftitutes ſoap. The beſt kind comes to us from Egypt, 
or Alexandria, and Tripoly. Now, as all our phyfical knowledge is ori- 
ginally derived from the ſenſible properties we find in bodies; fo, all the 
differences of bodies are to be derived from the ſenſible marks we find in 
them; nor, have we any other way to come at the knowledge of bodies: 
we ſhall, therefore, here lay down, the chemical and phyſical marks of 
2. (I.) This alkali, therefore, is of vegetable extraction. (2.) It is always' 
obtained by means of burning the plant to aſhes. (g.) It is of a fixed nature, 


ſo as to remain long in the fire, (4.) It diſſolves in a moiſt air, and, thus, 


lets fall a ſediment ; and cannot long be kept dry, tho? ever fo carefully ſtopt 
down and ſecured. (g.) It S the ſenſation of a burning, fiery acrimony 
to the tongue; at the ſame time taſting like urine: whence, theſe ſalts are 
ſometimes, tho” tmiproperly; called urinous : for the proper taſte of this alkali 
is not urinous at firſt 3 but, after being held ſome time in the mouth, and 
ſoliciting the ſaliva by its acrimony; the reutral animal ſalts, naturally con- 
tained in the ſaliva, depoſite all their acid in the alkali ; whence, the other 
rt of theſe neutral ſalts, now, deprived of their fixing acid, becomes vo- 
ile, alkaline, and urinous: and, this is the true cauſe of the urinous taſte, 
attributed to theſe ſalts. (6.) This falt, when perfectly clear of all foreign 
mixture, is ſcentleſs and fixed in the fire; but, being highly attractive of 
all acids; as ſoon as ever it touches any ſubſtance, containing a volatile, al- 
kaline falt, detained by an acid, the alkali immediately abſorbs this acid, 
lets looſe the latent, volatile alkaline ſalt, and leaves it to its own volatile, 
— — nature: ſo that, tho* this volatile alkaline ſalt could not be difcovered 
y the ſmell in the ſubject before; it; now, plainly may; and is not the 
ſmell of the fixed alkali, but of the volatile one. Thus, if a fixed alkaline 
ſalt be put to freſh, warm urine, it inſtantly diſcovers an alkaline ſmell, 
which it had not before, (7.) It is another property of fixed alkali, that it 
immediately makes an ebullition upon mixing with any acid, and intimately 
unites into one ſubſtance therewith : ſo that, if the point of ſaturation be 
exactly hit, no ſign, either of an acid, or an alkali, is diſcoverable, ſo long 
as the two remain in a compound ſtate; but they thus produce a fluid ſub- 
ſtance, called by the name of neutral. (8.) If pure, fixed alkali be mixed 
with the juices of turnſol, roſes, or violets, it preſently changes their natu- 
ral colours to a green. (9.) If applied, for ſome time, to the warm and 
moiſt human fkin, it raiſes an inflammation, and cauſes an eſchar, after the 
manner of a ſphacelation. (10.) All theſe falts have a highly deterſive 
power, or cleanſing virtue, not to be found in neutral ſalts. And by -_ 
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marks, fixed alkaline ſalts may be known and diſtinguiſhed from all others, 
ſo as to avoid confuſion in the hiſtory of menſtruums. 

3. The like fixed alkaline ſalts may be alſo obtained from any crude, re- The origin. 
cent, vegetable burnt to aſhes, and treated in the ſame manner as we have 
mentioned of kali; tho* ſome vegetables afford but a ſmall proportion, par- 

_ ticularly thoſe which have a pungent ſmell, and make the eyes water; the 

ſaline part being, here, almoſt totally volatile, and going off, in the burning; 
as garlic, ſcurvy-graſs, onions, water- creſſes, ſquills, radiſh, muſtard, G. 
wherein the ſalts, by nature, are rendered as alkaline and volatile, as in 
animal ſubſtances. | | | | | 

4. Theſe lixivious ſalts were well known to the ancients in almoſt every 
age; as, being mentioned by Ariſtotle, Varro, Pliny, &c (d): but no natural 
ſalt, that I know of, hath hitherto been found with*the marks above-men- 
tioned : all of them being produced from vegetable ſubjects, by the bare 
action of the fire, And no vegetable could at any time be burnt to aſhes, 
but theſe ſalts were produced: ſo that, in all times and places, large quan- 
tities of this ſalt muſt have been made upon the ſurface of the earth, with the 
aſhes z and, thus theſe ſaline aſhes being waſhed into the ground, may have 
rendered it fruitful in many places: tho their alkaline nature is ſoon changed, 
and a new form aſſumed, by which they afterwards act. 

5. It muſt here be remarked, that no vegetables could at any time afford Net yielde4 
this ſalt without burning z for, if ſuffered to dry or rot ſpontaneouſly, they 22 ; 
vaniſh, or change their 2 without leaving the leaſt fixed alkali behind; 9 
and are thus diſſipated in fine, inſenſible, volatile particles; whilſt only a 

mere terreſtrial matter remains. It is therefore univerſal, and confirmed by 

the experience of all ages, that nature employs no fixed alkali in forming 

either the fluid, or ſolid parts of vegetables. Whence, again, we conclude, 

that fixed alkali is not made by the operation of nature; but, by the action 

of fire, This is farther confirmed from hence, that thoſe vegetables, which, 

when burnt, would afford much fixed alkali, being once thoroughly putre- 

fied, become in great meaſure volatile; ſo as, if they were now to be burnt 

with an open fire, they would afford no fixed falt at all ; and leave nothing 

behind, but white, infipid, terreſtrial aſnes, containing no falt : fixed falt, 

therefore, ſeems as much a creature of the fire, as glats. 

6. We ſhall, hereafter, ſee that theſe fixed alkaline ſalts, _— reſolve v ſimple 

into a large proportion of a hard, bitter, ſaline, and almoſt vitrified ſubſtance, bog. 

a fimple earth, and a purer and ftronger fixed alkali : whence it appears, 

that theſe ſalts are not ſimple bodies, but compoſed of different ones ; whilſt 

the ſeemingly homogeneous union of theſe principles into one ſubſtance, 

is owing to a ſtrong fire. Hence it will follow, that nature, ſo far as we 

at preſent underſtand her procedure, never acts by means of fixed alkaline 

falts as her own inſtruments ;. but, only, as ſhe receives them firſt prepared 

by fire: and, when ſhe uſes them at all, ſhe operates with them, as they 

are compounded of the three principles juſt mentioned; to which we may 

add a fourth, viz. an oily matter, always adhering thereto, as appeary 
from many experiments. | R 136k 
81 1 : 7. 

(4) See Ariftot. Meteor. xi. c. 3. Varro, de re ruft. L. i. c. 7. Plia. L. xvii. c. 28. L. xiv, 
c. 26. L. xvi. c. 11. L. xxxvi. c. 69. | 
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7. Hence, alſo, it appears that the more theſe fixed alkaline ſalts are ſe- 
parated from their other principles, the more they differ from one another 
ſince the remaining ſalt will thus become more „and, conſequently, 
differ in its manner of _— Thus, for example, pot-aſh, which contains 
an excellent fixed alkali, alſo contains a large proportion of a hard bitter 
tranſparent ſalt, not eaſily diflolvable in water: and this falt being carefully 
ſeparated, the alkali, thus, becomes much purer, and fitter for many pur- 
pum as an alkali, than it would have been if that ſalt had remained in it. 

Ve muſt alſo obſerve, that theſe alkaline ſalts are often ſtrangely changed, by 
the falling in, or admixture of * fix'd foreign body during the burning; as 
it may thus unite with the ſalt: thus, for if nitre ſhould mix with 
the aſhes, and be fixed with the other falt of the vegetable, it would make 
an alkali that would afford the fume and ſmell of ſpirit of nitre, upon pour- 


ing oil of vitriol to ſuch an adulterated ſalt; a thing that never happens in 


— alkali: and the ſame holds true of ſea - ſalt, Sc. It muſt alſo be ob- 
erved, that different ſalts are produced, according to the different manner 
wherein the vegetables are burnt : thus, we find a vegetable burnt with a 
_-_ and fire, affords a different falt from what it would do if burnt 

w, with a Rifled heat: as we ſee in preparing the ſalts of Tachenius, 

8. We next proceed to enumerate the ſeveral kinds of fixed alkali 
commonly uſed in chemiftry. And, here, the commoneſt kind of all, is 
that called by the name of pot-aſh; imported to us, in large caſks, from the 
r where they make it, by ing the green 
wood of fir, pine, oak, Sc. 

9. The way of making it, is, by piling up large heaps of cut wood, in pits 


; dug in the ground, ſetting them on fire and burning them to aſhes, which 


they afterwards fift, before they grow cold ; then they boil theſe aſhes in 


water to diſſolve out the ſalt, and ſuffering the liquor to reſt, they pour 


it off clear, and boil it in large copper pots, for three days, till it comes to 
a dry falt ; called pot-aſh, from the pots it is boiled in: this ſalt is put, 


whilſt hot and dry, 1 Proceas Wig Yr gc and oil, 
S 


ſio that it may be kept cloſe ; otherw 


Alt, 


| it would run in a moiſt air, like ſalt 
of tartar per deliguium, and afford a terreſtrial ſediment : in which manner, 
I have at one operation obtained fix drams of faces from a pound of falt. 
When this ſalt is gradually diſſolved by putting hot water to it, then ſuffered 
to reſt, the clear liquor being poured off and filtred, then evaporated to a half 
in clean glaſſes, and ſet in a cold, ftill place, it ſoon ſhoots to the fides of the 
glaſs, hard, figured, pellucid cryftals, that do not run, even in a moiſt air, 
and difficultly diſſolve in water; but are brittle. like glaſs, bitter to the 
taſte, and reſembling fandiver, or the ſalt thrown up in the making of 
glaſs This bitter ſalt, therefore, is of a particular nature; and may thus 
procured in a conſiderably large rtion. After this operation, four 
ſcruples of a terreſtrial matter will to the bottom, from a pound of 
this falt ; thus leaving the remaining fixed alkali conſiderably pure: fo that, 
the liquor being now * to dryneſs, affords a white, fixed alkaline 
fi for making fine glaſs with clean ſand. 382 | 
11 10. 
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10. If this -purified ſalt be expoſed to a violent fire, it thus melts and 
becomes ſtronger; and if now put in a glaſs-diſh, and ſet in the open air, 
it again runs per deliguium, and depoſits freſh fæces; ſo that by repeating 
theſe operations, the original ſalt either becomes volatile, or reſolves itielf 
into a that flies off inſenſibly, a neutral ſalt, and a terreſtrial ſubſtance, 
and loſes all its acrimony. And it frequently happens, upon repeating this 
operation, that the alkali changes its nature, and turns into a neutral falt, 
which readily flows like wax at the fire: whence, ſome chemiſts have 
thought themſelves poſſeſſed of the great ſecret of making an incerated 
fixed alkaline falt, highly extolled by the ancient artiſts : theo' this is only 
owing to the volatile acid of the air joining with the alkali, ſo as to form 
a compound neutral ſalt that eaſily melts at the fire, | 

11. The fixed alkali, thus ured, has, in a high degree, all the marks 
before laid down for diſtinguiſhing an alkaline ſalt; in which reſpect, there- 
fore, it may ſerve as a ſtandard to theſe kinds of ſalts, which, if any doubt 
ariſes, may be compared therewith. And , hence we may be convinced of 
what was above faid, viz. that alkalies, made by burning, conſiſt of three 
different principles, or of a pure alkali, a bitter ſalt, and a pure earth: but 
the truly ſaline is here much leſs than one could have imagined, or fo 
little as to be inſenſible and volatile. Whence its proper nature cannot hi- 
therto be known, as not being a fit obje& of our ſenſes. 
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12. The groſs lee which wines depoſite after their fermentation is over, 3. allah 
being preſſed dry, and burnt to aſhes in the fire, afford a fixed alkali, by the _/rom wie- 


ſame treatment as above-mentioned of pot-aſh ; tho' the alkali, thus obtain- . 


ed, is purer and ſtronger than that, on account perhaps of the ſubject bei 
more ſubtilized by fermentation : which ſhews us another general way of _ 
curing fixed alkali from all ſorts of wine. 


13. Tartar differs greatly from wine-lees, as concreting into a ſtony hard- $a of n- 


neſs; whereas wine-lees are a looſe and fofter ſubſtance, falling to the bot- tar. 


tom of the veſſel, whilſt tartar ſtrikes to all the ſides thereof. Tartar alſo dif- 
fers according to the wine that affords it; being red, brown, white, pure, im- 
pure, and more or leſs acid, correſpondently to the wine. Acid and rough wines 
afford it copiouſly; but ſweet and ſoft wines more ſparingly. This tartar being 
diſtilled with degrees of fire in a ſand-furnace, affords a flatulent ſpirit, that 
cannot be confined z then a ſmall proportion of acid ſpirit, which gradually 
comes over more groſs and unctuous; and laſtly, an oil of a more penetra- 
ting nature than any other z a black and ſharp alkaline coal being now left 
behind in the retort. And this is the only way that I can recolle&, of produ- 
cing a ſharp, fixed, alkaline, vegetable falt, in a cloſe veſſel; for all other 
kinds of vegetable ſubjects, upon being diftilled by the retort, tho“ they at 
length afford a black coal, yet never, that I remember, yield an alkaline 
ſalt, till they are burnt in an open fire. So, upon burning this black alka- 
line coal of tartar, in an open fire, it affords a white alkaline falt, ſtronger and 
purer than all others. Whence it appears, that fermentation may forward the 
production of alkali in vegetables; tho', at the ſame time, vinous fermen- 
tation promotes the generation of an acid: ſo that both acid and alkali _ 
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their generation forwarded by the buſineſs of fermentation ; which is an ob- 


Fixed nitre. 


ſervation of no ſmall conſequence. 
14. But, from whatever vegetable fixed alkalies are produced, and in 


whatever manner; yet, when brought to their utmoſt alkaline perfection by 
a violent fire, they all appear to be of the ſame nature; ſo as ſcarce to be di- 
ſtinguĩſhable from one another. One ſmall difference has however been ob. 
ferved ; vig. that glaſs, made of the ſame flint with different 'fixed alkalies, 
often appears of different colours: but here we know how ſmall a matter 
may occaſion a great change of colour in glaſs; as the bare beating of the fix- 
ed falt, in a metallic or marble mortar, may alter the colour of the glaſs, 
Whence I have ſometimes doubted, whether it were not ſomething metal- 
lic in the vegetable, and adhering to the fixed ſalt, that thus gives a differ- 
ent colour to the glaſs: iron may eaſily mix with vegetables, and fo perhaps 
may coppor. | | 

15. The chemiſts have diſcovered another origin of fixed alkali, viz. 


from nitre; and Glauber has juſtly deſcribed it. For if pure nitre be melt- 


ed in a clean crucible, it preſently runs like water, with little or no viſible 
motion; when, if a bit of burning charcoal be thrown'into it, this inſtantly 
occaſions a conſiderable crackling, and the coal is toſſed about upon the ſur- 
face of the nitre ; and when the coal is conſumed, the nitre flows quietly a- 
gain: but freſh bits of lighted charcoal being ſucceſſively thrown in, till the 


nitre will deflagrate no longer, what remains is a perfect, fixed, alkaline ſalt, 


anſwering to all the marks above laid down: tho' it ſtill differs a little from 


the reſt, as containing ſomewhat of the nitre, not yet perfectly changed; yet 


this does not manifeſt it ſelf, till ſtrong oil of vitriol is poured upon the 
ſalt, which then preſently diſcharges a vapour, ſmelling like agua: fortis, in 
the ſame manner as when oil of vitriol is poured upon nitre. The oil of 


-—  ' vitriol alſo uſually acquires a blackneſs upon uniting with this alkali ; which 


ſhews that ſomewhat of the coal remains in it, from the burnt charcoal 


thrown upon the nitre in this preparation: fo that G/auber was not miſtaken 
in ſaying, that this alkali of nitre differs a little from other vegetable alkali : 
but when he extols its virtues above all others, he ſeems to applaud his own 
diſcoveries too much. / 

16. The quickeſt way of making fixed alkali in a large quantity, is by ta- 
king equal quantities of tartar and nitre, in fine powder, mixing them toge- 
ther, and "throwing this powder, by a little at a time, into an iron-veſlel, 
heated almoſt to the degree of ignition ; for thus an inſtantaneous deflagra- 
tion is made; and a copious, white, fixed alkaline ſalt immediately produced. 
This ſalt ſeems, in all reſpects, to be a vegetable alkali, tho* ſtill with ſome 
differences; for, upon making /ariarum vitriolatum therewith, ariſes an 
aqua Fortis ſmell, and the matter turns black; which ſhews, as in the pre- 
ceding caſe, that part of the nitre and the coal ſtill remain therein (a). 

A fixed and fiery alkaline ſalt is alſo ſoon prepared from nitre, and the regulus 
of antimony : for if pure regulusof antimony be melted in a clean crucible, 
and an eighth part of dry pure nitre be put thereto, the nitre, which otherwiſe 

| | 1 runs 


0 {a) See Hef mar, Ob. Phy/. Chem, p. 241. 
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runs ſo eaſily in the fire, will now require a heat capable of melting copper; 
and thus appears of a yellow eolour: and if the matter be now poured into 
— cone, the nitre appears like a cake of gold on the top; and, being 
ſeparated from the regulus, is now ſo ſtrongly alkaline, as to be cauſtic or fie- 
ry, and eaſily runs into the air: nor is there any way, hitherto known, of 
communicating ſo great an acrimony to any falt, as the nitre here acquires 
by coming in contact with regulus of antimony, It ſeems probable, that the 
ſulphur of the regulus here intimately mixes with the nitte; for if this fixed 
ſalt · be thrown hot and dry into pure alcohol, it immediately makes a red 
tincture, of a violently cauſtic nature. And I have obſerved the ſame ſudden 
change of the nitre, whether the regulus of antimony were made with iron, 
or, in the common way, with tartar and nitre; and that this change does 
not happen whilſt the groſs ſulphur adheres to the regulus, but-chiefly-when'the 
regulus is perfectly pure, and fuſed with the nitre. The change is more 
remarkable, as nitre never turns to an alkali with ſulphur; but to a bitter ſalt, 
or ſal polychreſtum. It may here increaſe the wonder, if we conſider that ni-/ 
tre is a mild, cool ſalt, capable of remaining long in the fire, without ehan- 
ging its nature; and that it does not grow alkaline with crude antimony, but 
inſtantly upon touching the regulus of antimony in fuſion. © Whence we may 
learn, what ſudden and unexpected effects may ariſe, from apply ing bodies 
to one another, in a certain manner; and how unſafe it is to draw general 
concluſions in phyſics. It alſo deſerves to be remarked, how eaſily the 
whole body of nitre turns alkaline, in this experiment, without mixing with 
the antimony, and barely by touching it, or floating upon the ſurface of the 
melted regulus; and that, though nitre of it ſelf melts ſo very eaſily, yet it 
here inſtantly becomes more difficult to fuſe than any other ſalt. And thus 
much for the origin of fixed alkaline ſalts; which we have digeſted and ſpoke 
to under — — claſſes. We next proceed to conſider the phyſical ac-- 
tions of theſe ſalts all along bearing in mind, that they are produced from ve- 
getables by burning; that art and neceſſity thus produces an immenſe quanti- 
ty of them; and yet that none of them are ever to be found on the earth, 
where they either are loſt in their own form, or ſoon change to another na- 
ture. | 5 fo Ws» | ; 4 
17, Perfect fixed alkalies will be found to have the following actions in , pt 
common; and, firſt, they powerfully attract water, at a great diſtance, adi, viz. 
from all the known bodies wherein it is contained. This appears to the eye, A 
as fixed alkali, immediately taken from a violent fire, and ſuffered to ſtand in T4. 
a hot air near the furnace, where no water is diſcoverable, immediately 
grows moift, and turns to a liquor, which, by diſtillation in a- dry glaſs, 
returns the pure water imbibed by the alkali; at the ſame time other ſalts that 
had attracted moiſture, being ſet in the ſame place, would grow dry, or be 
deprived of their aqueous humidity, whilſt dry fixed alkali runs per deligui- 1 
um. Hence theſe alkalies are truly attractive of water, ſo as to diſſolve it, i 
unite it to themſelves, be diſſolved by it, ſtrongly retain it, part from it with - 
difficulty, and being once diſſolved therein, cannot be rendered perfectly dry 
again, by the heat of boiling water. Wn x 
18. 19% 
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18. To illuſtrate this by experiment 3 put oil of tartar per deliquium into a 
proper veſſel, along with a mercurial thermometer; and, upon applying 214 
degrees of heat, this liquor will not be dried to a ſalt: but, for this purpoſe, 
it requires to be boiled with a heat of more than 600 degrees; ſo that ſcarce 
any known body more difficultly parts with its water than this ſalt. 
19. 1 put an ounce. of pure dry fixed alkali into a clean glaſs. diſh, and 
ſetting it in a cloſe cellar, found that the ſalt ſoon attracted a moiſture from 
this confin'd air, at reſt, and, by degrees, acquired near three ounces of wa- 
ter befote it was fully ſaturated. Whence I infer, that the quantity of wa- 
ter thus attracted by the ſalt, muſt at leaſt have poſſeſſed the ſpace of ſix 
cubic feet in the air: for, ſuppoſing the ſpecific gravity of air to that of wa- 
ter, as one to a thouſand, e ical foot of water to weigh 64 pounds; 
then all the ponderous in a cubical foot of air will be v of à pound. 
Now, allowing half of theſe ponderous parts to be mere water, it follows, 
that a cubic foot of air contains about half an ounce of water. If, therefore, 
this ſalt can attract ſo much water from ſo large a ſpace, we hence diſcover 
an extraordinary powet in nature. And Sendivagius has juſtly obſerved, that 
the more an alkaline ſalt is calcined, the more water it attracts from the air. 
But if any one ſhall ſay, that the water here came from the remote parts of 
the air moving nearer, ſo as to touch the fixed alkali, —_— out their wa- 
yr can only reply, that I made the experiment whilſt the air was at reſt 
in the a 
20. Per harcher ſatisfaction, I took a large glaſs- veſſel, as clean and dry as 
if it had juſt come out of the nealing-oven; and, firſt heating it, I put 
therein a quantity of hot and dry ſalt of tartar, reduced to fine powder ; 
then ſtopping the mouth of the glaſs with a dry cork; tied cloſe down with 
a ſoft oiled bladder, I found the ſalt, ſticking to the ſides of the glaſs, grew 
wet. with the water it attracted from the ſmall quantity of air contained in 
this cloſe veſſel; tho? the air it ſelf was dry and hot, at the time when the 
n drpprepentyg with v 0 
21. i to have a c pro ; with reſpect to air; ſo 
that, tho? it attracts water, it appears to true elaſtic . —. air: the 
contrary whereof might be expected: for, as this ſalt ſo powerfully attracts 
moiſture from the air, it might be ſuſpected that it attracted air by it ſelf at 
the ſame time; eſpecially ſinee we above ſhewed, that all water attracts air, 
after being once deprived thereof; and as all air may be ſuppoſed driven out 
from this ſalt, by the violence of the fire. And yet, when oil of tartar per 
quium-1s put into the air-pump, it yields no ſign of containing air, even 
tho the liquor be heated. hence one might be apt to infer, that fixed al - 
kali not only r air, but even expels the air contained in the water 
attracted by the fixed alkali, in making the oem tartari per deliguium; and 
conſequently, that this ſalt has a power of diſlodging and diſpelling air from 
water. But we have already treated this ſubject in our chapter of air; 
rendered it ſome what probable, by experiments, that fixed alkalies ſtrongly 
attract, and cloſely unite air to their own ſubſtance, fo as not to part with it 
again, but by the utmoſt force of fire, or the intervention'of 2 
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I leave it therefore to be farther examined, whether fixed alkalies totally re- 
pel, or ſtrongly attract, and fix air in them; one of which muſt needs be the 
caſe : and, after ſo many experiments as I have made to this purpoſe, I 
cannot help doubting of the alternative, | 

22. The ſtrongeſt, pureſt, and drieſt fixed alkali, taken hot from the fire, and 4trr02: pure 
mixed with pure alcohol, is attracted thereby; but if ever ſo little water ad- e | 
heres to either of them, the water is immediately attracted, and the alcohol 

lled, fo that they cannot afterwards be united by any known method; 
whit thus the alkali ſeparates the ſpirit of wine into two parts, viz. a ſatura- 
ted ſolution of the ſalt, and pure alcohol floating above it; which two cannot 
be mixed together. And here alſo we may ſee, that the attractive force be- 
twixt the water and the alkali is reciprocal : thus, if a pound of pure alcohol 
contains a ſmall proportion of water, and fixed alkali be put thereto, the al- 
kali preſently attracts the water, and appears like a viſeid oil on the ſides of 
the glaſs ; the alcohol, at the ſame time, being kept from uniting with the 
aal. Whence we may underſtand, that many particular obyſical opera- 
tions are performable by fixed alkalies, actiug upon liquors prepared by fer- 
mentation; the alkalies here acting either by attracting or Bes the alco- 
hol, or by attracting the water alone, Theſe alkalies alſo act, in another re- 
(pet, upon liquors procured by fermentation : for, as all ſpirits diftilled 

m wines conſtantly have a volatile acid mixed with them, the alkali, by 
ſtrongly attracting it, renders the ſpirit purer, deprives it of acidity, and thus 
reatly alters the nature and virtue of the ſpirit ; at the ſame time the alkali 
it ſelf is ſo changed, as to become a compound ſalt ; or if the ſaturation be 
complete, the neutral purging ſalt of Sennerius. And to this obſervation is 
owing the method of procuring pure alcohol without fire, and without diſtil- 
lation; for, by mixing a oy proportion of pot-aſh with brandy, and ftir- 

ring them r, the i will attract the water, and fall to the bottom; 
leaving the alcohol at top, ſo as to be poured off by 1 veſſel. If 
the alcohol is not ſufficiently rectified by this firſt operation, freſh pot aſh be- 
ing added to it as before, will render it till purer. It is obſervable, that the 
ſpirit of wine, in this operation, always gives out an unctuous ſubſtance z 
which did not appear before, either in ſpirit or alkali, but is produced 
upon their being thus mixed together, . 

23. Fixed alkali alſo has the power of attracting diſtilled ble oils ; Atrracs vile, 
thus, if dry, ſtrong and pure fixed alkali be taken hot from the fire, and put 
into a diſtilled oil, it eagerly, and with a hiſſing noiſe, draws the oil to it Elf 
and unites therewith, ſo as directly to make a kind of ſoap z which may be 
rendered more perfect, by ſetting it in a cellar, where the union becomes 
more intimate : for thus the mixtufe becomes uniform, and exhibits a maſs 
which is ſemi-volatile, diſſolvable in water, and of great medicinal virtue ; ſo 
as to be called the leſs elixir of the philoſophers, Starkey's volatile ſalt of tar- 
tar, Matthewws's great corrector, the ſoap of Helmont, &c. This, as a medicine, 
was firſt celebrated in England and from thence ſpread over all Eu- P 
rope. It has the virtue of reſolving and fuſing almoſt all the tenacious ſub- 
ſtances produced by a lation of _—_— in the body; ſo as to open ob- 
ſtructions, attenuate the lid, gently ſtimulate the ſolids, promote perſpi- 

| ration, 


3 


538 


And acids. 


ration, ſweat, urine, and thus remove the cauſe of obſtinate-chranical diſea- 


_. of falt, it abſorbed, two aunces, and five drams; an | 
"heavier: by 3 drams, and 14 grains. (3.), From ſpirit. of_nitre, it abſorbed, 
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ſes, If digeſted with ſimples, it changes their nature, and ſametimes their 
particular virtues ; ſo as, in many caſes, to correct their viruleney, and give 
them new properties: but, after the uſual manner of chemiſts, its virtue, as 
an-univerſal medicine, has been too much extolled, As to its preparation, 
it muſt be remembred, that the oil and ſalt can never unite, if ever ſo little 
water be lodged in either; and conſequently, that fixed ſalts, uſed cold, will 
not here anſwer the pope : and even, if a fixed alkali ſhould riſe above 
the ſurface of the oil, and touch the air, the ſalt would thus grow wet, and 
prevent the effect. Fixed alkali eaſily unites with animal or expreſſed vege- 
table oils, by means of quick-lime, water and fire; as we ſee in making the 
common ſoaps. And a pure ſoap, thus prepares, has a ſurprizing power in 
producing many effects, not to be otherwiſe come at; as we ſaw 
7 | 


e. 

24. Alkaline ſalts ſtrongly attract all kinds of acids, whether dry or moiſt, 
ſtrong or weak; and this more powerfully than they attract water: for, in 
their attraction of acids, they always violently expel the air contained in ei- 
ther ſalt, and thus produce numerous air- bubbles; at the ſame time remark. 
ably repelling water, and thus becoming ſaturated, they ealily grow oy or 
part with the water; which, when ſeparate, they ſtrongly retained, Thus, 
rectiſied oil of vitriol, and oleum tartari per deliquium, do not eaſily let go 
their water ſeparately ; but, upon mixing them together, they expel the wa- 
ter from them, ſo as to leave an almoſt dry falt at the bottom of the ſepara-- 
ted liquor, as we ſee in preparing the /ariarum vitriolatum ;. and the fame 
holds of other. acids mixed with alkali : whence many abſtruſe particulars may. 
be cleared up, in the hiſtory. of menſtruums. Baut alkalies ww a limited 
power in attracting acids; and there is a great diverſity among them in this 
reſpect, tho” rather owing to the difference betwixt the acids and the alka- 
lies, as the excellent Hamberg Rae ſhewn (); from whom we ſhall 
here tranſcribe a few experiments. (1.) An ounce of. ſalt of tartar attracted 
all the acid. from 14 ounces of ſtrong diſtilled vigegar ;. and, after drying, 
was found to have gained 3 drams and 36 grains in Weight, the other. parts. 
of the vinegar being mere inſipid water: whence we ſeg the proportion 

, — ſpirit 


there was between the acid and the water in . (2, From 
when dried, became 


1. ounce, 2 drams, and 36 grains; thus increafing its weight 3 drams and 10 
grains. (4. ) From aqua-fortis, it took up 1 unde, 2 dra, and 30 grains; 
increaſing its weight by 3 drams and 6 grains. (5. ] From oil of vitrol,; it. 
gained 5 drams; and was augmented by 3 drams and 5 gtains. 

25. And as theſe are the principal among the acids, it hence follows, (i.) 
That alalies, tho? very different from one another in denſity, yet, after being, 
ſaturated with an alkali, become of the ſame denſity ;. fince vinegar, which is 
the lighteſt of theſe acids, when all its acid is totally abſorbed by an ounce. of ſalt. 
of tattar, increafes the weight of that ſalt as much as it AER FB ples ML by. 
al'f viral, whichisthe molt pondezows acid,” Aud the rac holds.true of the 
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reſt; ſinee the ſum of the diff betwixt the greateſt and the leaſt acqui- 
red weight, is only 3i grains, and this only in the vinegar ; on account that 
the regenerated tartar, ae is hard to dry. mi Hence, theſe acids 
ſeem greatly to differ in the proportion of water wherewith they are diluted; 
ſince the pure acid, extratted from them, is always of the ſame weight; ſo 
that if, by any method, 14 ounces of ſtrong diſtilled vinegar could be con- 
denſed to 5 drams, and the acid be obtained ſeparate from the water, with- 
out farther change, perhaps the vinegar, thus concentrated, would be as 
ſtrong an acid as the oil of vitriol ; at leaſt it my then ſaturate an equal 
quantity of alkali, (3) Hence alſo we learn, what proportion of water is 
contained in theſe acids. (4.) It is alſo probable, that if acid ſalts could be 


obtained- pure, without any admixture of water, ek would appear in a {o- . 


lid form; and, tho? this has not been hitherto done by art, yet an approach 
is made thereto by violent cold. (5.) It may here alſo be conſidered, what 
effects alkaline menſtruums muſt produce in diſſolving bodies containing a la- 
tent acid, which often conſolidates them; and therefore being abſorb 
leaves them to reſolve into their component parts; whilſt, in the action 
ſolution, an efferveſcence ariſes, numerous air-bubblzs are diſcharged, and 
roduce elaſtic air: which ſudden effects canaot be underſtood without the 
CoQrine of alkalies above delivered. When an acid is ſlowly poured to an 
alkali, in a warm liquid ſtate, and the containing veſſel is ſhook after each 
addition, at length the point of ſaturation will be obtained, and no ebullition 
appear; and after this, if more of the liquid acid be added, it pro- 
duces no more commotion than ariſes upon pouring water to water; whilſt 
the compound ſalt, thus uced, is neither acid nor alkaline, but neutral, 
and called by the name of the acid which ſaturated the alkali. . And hence 
acids have been termed male, and alkalies female falts ; and thoſe compoun- 
ded of the two, e ee f Se. | 
26. The ſtrong ebullition and efferveſcence which happen upon the mixin 
alkalies with acids, per ariſes from the violent expulſion of the air an 
water, whilſt the acid and alkali forcibly ruſh into each other, and ſtrike a- 
way what lay between them to obſtruct the union of their particles, Whence 
we may make the following queries. (1.) Whether acids abound with air, 
whilſt alkalies contain none? (2.) Whether acids, predominating in the bo- 
dies of animals, are the cauſe of flatulency ? (3.) Whether compound falts, 
made by a combination of alkali and acid, loſe their air, and thence occaſion 
no ency in the body, (4.) Whether, therefore, acids, or bodies tend- 
ing to 2 are the only fit ſubjects of fermentation? (53. Does the 
ſtruggle and diſcharge of air, in fermentation, ariſe from hence? (6.) Does 
fermentation, from hence, tend to generate an acid, which, by the action of 
calcination, generates an alkali? (7.) And is this the cauſe, why fermenta- 
tion, which generates an acid, requires only a moderate heat; whilſt. a 
greater, as in animals, tends rather to an alkaline putrefaction ? Thus 
much is certain, that theſe falts reſt after complete ſaturation, and then 
produce no ſtruggle, upon the addition either of an alkali or an acid falt to 


the ſaturated mixture. And hence, alkalies and acids are to be reckoned a- 
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they both riſe mixed together; hilſt a part of them 
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| mong the phyfical cauſes, productive of motion in nature, at the time they 


unite; tho? this cauſe ceaſes, when the union is completed. 

25. In this action of acid and alkaline menſtruums, it is manifeſt, that both 
air and water-are excluded : for, upon mixing acids and alkalies together in a 
fluid form, little, ſolid, faline cryſtals appear in the liquor, in the very act of 
union, whilft the aqueous part is expelled; which, after the ſaturation is 
completed, may be poured off in the form of water, having no faline taſte: 
and then the neutral falt, upon drying, turns to a white, opake, mealy 
powder. Such compound falts alſo eaſily, and with a gentle fire; 
2 the ſimple acids, and alkalies, they were made from, are dried with 

28. And tho* the neutral falts, thus prepared, eaſily part with their wa- 
ter; yet the alkaline, and acid falts from which they were made, are difficult- 
1 ſeparated, by the bare force of fire, into the pure ſalts they were before: 

us fal-ammoniac, made from the volatile alkaline ſpirit of that ſalt, and 
the ſpirit of ſea - ſalt, being ſublimed, the fal-ammoniac does not ſeparate 
into 2 component ſalts, but they both riſe together: and the like holds of 
tartarum vitriolatum, regenerated ſea-ſalt, nitre, tartar, Ac. tho? there are 
other artificial ways of reſolving theſe compound falts, into their conſtituent 
acids and alkalies; upon which ſome ſecret operations in chemiſtry depend. 
And, in order to underſtand theſe methods of procedure, we muſt next 
conſider ſome other properties of alkalies. | 

29, Tho? alkalies attract all the known acids, yet they attract {@me much 
more ſtrongly than others. Thus, for example, when an alkali is ſaturated 
with vinegar, as in regenerated tartar, and the ſpirit of nitre, ſpirit of ſalt, 
or oil of vitriol be added thereto; the latent alkali here attracts the acid fo 
added, and lets go the vinegar wherewith it was ſaturated before: ſo that 
now the ſpirit of vinegar may be drawn off from the mixture with a gentle 
Are, and leave a regenerated. nitrous ſalt at the bottom of the veſſel. So 
again, when alkali is ſaturated with ſpirit of nitre, if ſpirit of ſea-ſalt be ad- 
ded; an aqua-repia will riſe from it by diſtillation, and leave a nitrous alt 
behind, cho ſomewhat changed in its nature. Again, if alkali be ſaturated 


with ſpirit of ſalt, ſo as to become common falt, and ſpirit of nitre be ad- 


ded, an gqua-regia is thus obtained by diſtillation, leaving a nitrous falt be- 
hind, capable of fulminating with an inflammable matter; tho” it differs in 
its nature both from nitre and fea-falt. Hence, in theſe two laſt caſes, as 
there is no great difference, with regard to acidity, between the ſpirit of nitre 
and the ſpirit of ſalt, one of theſe acids ſome way expels the other; fo that 
both alſo remains be- 
hind in the alkaline ſalt, 1 
30. If oil of vitriol be poured to an alkali, ſaturated with ſpirit of nitre, 
the ſpirit of nitre is im - ſeparated, and the acid of the vitriol remains 
united with the alkaline part of the nitre ; and, by diſtillation, leaves a 
behind, reſembling tartarum vitriolatum, but in ſome reſpects differin from 


It, yet without * Ve of nitre. If oil of vitriol be added to 
arl 


ſea-ſalt, there preſent es a very volatile, fuming, acid ſpirit of ſea-falt, 


having almoſt all the known properties of that ſpirit ; being only more * 


a 4 ; 8 1 
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tile, ore ſmoaking, and more ſuffocating, till rectified. Hence it appears, 
that thoſe acids, which are naturally diluted with a ſmall rtion of wa- 
ter, have a greater power of uniting with alkalies, than thoſe that are dilu- 
ted with a larger. The following rules ſeem therefore to be general; viz. 
(1.) That the ſtronger acids conftantly ſeparate the weaker, from the alkalies 
they lodge in. (2.) That theſe ſtronger acids: then unite to the alkali, in the 
place of the weaker expelled. (3.) The ſalt, thus generated, now becomes 
of the nature of the acid laſt united with the alkali. (4.) There is always a 
conſiderable difference between the ſalts thus produced, and the natural falts 
which afforded the acids. So, for example, the /al mirabile Glauberi, made 
by the diftillation of Ra-ſalt with reQfied oil of vitriol, is of a very different 
nature from that made by mixing oil of vitriol and oil of tartar together: and 
the like holds in other inſtances. So again, the ſalt prepared in the diſtilla- 
tion of Glauber's ſpirit of nitre, is of a different nature from that of the /a} 
mirabile Glauberi ; tho? both are here ſuppoſed to be made of the ſame acid 
and alkali, And hence we may corre& that general rule of the chemiſts, . 
which ſays, that acids always convert alkalies into the nature of the acid, ſo 
as to produce the ſame ſalt as the acid did before. | | 
31. We may here farther obſerve, that when theſe acids are added to 
compound falts, they diſlodge the former acid, and unite to the alkali, with- 
out any conflict or efferveſcence; whereas a conſiderable tumult is rais'd up- 
on the firſt joining of an acid to an alkali : nor does any air appear to be here 
ted upon this uniting, tho* at firſt a large quantity was difcharged. 
his ſeems owing to the preceding ſaturation having expelled all the air in 
the efferveſcence then made; ſo that the ſecond cid enters the ſaturated al 
kali, already deprived of its air, and remains therein, without any more 
being expelled or attracted : for if the acid, here diſplaced by a ftronger a- 
cid, be mixed with a freſh quantity of alkali, it again produces as ſtrong an 
efferveſeence as at firſt, generating air, and raiſing a conflict, ſcarce any ſigns 
whereof appeared in the compound falt. | 
32. And hence we may underſtand the wonderful tranſmigrations and re- 
generations of acid ſalts, from whence numerous phyſical arts may be diſco- 
vered, and improved; as alſo many ſurprizing, and hitherto unknown, 
changes of tobe; whilſt neither the examples nor inſtruments thereof have 
been met with: ſo that no explanation can be given of them, upon any o- 
ther principles hitherto known, It was neceſſary to- mention theſe things in - 
the hiſtory of alkalies, conſidered as menſtruums, otherwiſe numerous phæ- 
nomena wou'd every where occur, in the application of theſe alkalies, whilſt | 
they could not be underſtood without a Knowledge of -theſe obſervations, 
Here alſo occur ſeveral particulars, — to be farther enquired into; as, 
(1.) Whether all fixed alkalies are generated by fire alone? (2.) Whether all Queries. 
volatile alkalies are produced by a putrefactive heat? (3.) Can any fixed or 
volatile alkali long retain their nature in the open air? (4.) Whethen 
their nature will not be altered, or the ſalts changed, ſo as to become neutral 
or ſaponaceous, by thus meeting with acid or oily particles? (g.) And will 
not the ſame happen in the bodies of plants and animals? (6. ) Is not a large 
quantity of compound falts thus daily produced; eſpecially of _ = | 
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- whoſe component acid is every where common, and ready at hand? (7.) 


every where, is there not, in nature, a very common 
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And, as natural acids, or thoſe produced by —— r 
t, 


with ted tartar, or the ſpirit of Mindererus, made with a volatile al- 
kaline ſalt and diſtilled vinegar; being a mild, penetrating moveable ſalt, of 


no great taſte? But there is nothing of this kind more deſerving to be 
known, than the origin and nature of the moſt common uſeful ſalts; viz, 
ſea · ſalt, ſpring · ſalt, fal-gem, and nitre : which, whether they are made by 
a combination of their own acids, ſuch as we find by chemical diftillations, 


and a fixed vegetable alkali, deſerves to be enquired ; or whether, being pro- 
duced-fimple by nature, they are not rather changed, than ſe by fire, 


Many eminent chemiſts, ſince the doctrine of acid and alkali prevailed (c), 


maintain; that all theſe ſalts ariſe, and are naturally produced from the mix- 
ture of acids with alkalies. But it is highly probable, that ſalt was contained 
in the ſea, before the acid ſpirit of ſalt was preſent therein; and before any 
fixed alkali was made from vegetables. On the other hand, no known ex- 
periment hath hitherto produced the leaſt fixed alkali from ſea- ſalt. Thus 

much is certain, if pure and dry ſea- ſalt be intimately mixed with thrice its 

weight of common dry bole, and carefully diſtilled with all the degrees of 
fire, it conſtantly yields a certain proportion of acid ſpirit; beyond which no 
more can be obtained from it, with the utmoſt violence of fire; whilſt the 
bole will ſtill remain ſaline in the retort z and being well waſhed from all 
its ſalt with water, if the ſolution be well purified and evaporated, ſome ſea- 
ſalt, but no fixed alkali, will be obtained. Nor do ] learn, that the acid ſpi- 
rit of nitre, or of ſea-falt, was ever hitherto found naturally, but always as 
produced by art or by fire; and this rather by a change, than a ſeparation of 
pay It is true, theſe acids,' properly mixed with alkalies, regenerate, in 
fort, the ſalts which afforded the acids ; tho? always with ſome differ- 


_ ence between the native and artificial: which ſhews, we cannot be ſo certain 


as to the compoſition and reſolution of theſe ſalts, as ſome authors pretend. 
We may hence learn, what caution is required in uſing alkalies as ſolvents; 
ſince a change, in any circumſtance, or a ſlight e a foreign ſubſtance, 
may eafily change an alkali, and produce a ſalt that ſhall not operate as a pure 
alkali, but according to the ws or is thus introduced. | 

33. It remaiasto be conſidered of pure fixed alkalies, that ſometimes, when 


altali. they are applied as ſolvents to certain bodies, they not only ſeem to pro- 


ing extremely remote from the alkali 


eure a perfect ſolution, but | preſently after unite with them into a maſs 
that can ſcarce be diſſolved again ee z the maſs thus appear - 

e employed. For example, if to 
a hundred weight of clean ſand, or flint reduced to a calx, and ground to 
fine powder, a hundred and fifteen pounds of pure fixed alkali be added, 
and thoroughly mixed therewith, and the mixture be ſet in a glaſs-houſe 
furnace, with a moderate fire, for an hour; and kept ſtirring all the while, 
the fire being afterwards increaſed for five hours 3 whilſt the ſtirring is all 
along continued; a maſs will thus be obtained, rightly diſpoſed for making 
the nneſt glaſs. If this maſs be put into dry caſks, and kept in a 27 


eh tes Fra Travagin. & Ott. Tachen. de acide & alcali. 
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ſtant fuſion for two or three days, the n 

ot, is what the glaſs-men call. their metal; and*when cold, makes the beſt 
ort of la. Now, unleſs this was proved to us, by every day's' experi- 
ence, W | 


till no, more appears, and the 


* 


of its former nature. 


34. This affords us an inſtance how ſuch menſtrunms as have a ſtrong 


diſſolving power, may permanently concrete with the bodies they perfe&ly . 
diſſolve; the concretion being the ſtronger, as the ſolution was more perfect. 


And hence we learn that alkalies, ſometimes, when they diſſolve perfectly, , 
may be ſp changed in the action, as totally to loſe their own-ſaline nature: 
for, if there be any body far removed from the nature of a falt, glaſs 


will doubtleſs. be allowed for one; yet, glaſs contains nearly a. third pare : 


of alkali, in its ſubſtance. It may alſo-ſeem extraordinary, that fixed"alkali- 


ſhould here ſo ſuddenly loſe its alkaline nature, in the action of diſſolving” 


and, paſling into glaſs, ſo as not to retain any one mark of its being an 


alkali; for it here becomes taſteleſs, makes no efferveſcence with acids, 
changes no colour in bodies, has not the leaſt acrimony, and becomes more 


fixed in the fire, and harder to melt, than it was before, It is alſd extraors - 


dinary, that the glaſs. thus made, melts into- a tenacious, tough, ductile 
maſs, ſo as to be formed into veſſels of any figure; and ſticking ſo ſtrongly”: 
to iron, as to be thereby taken out of the melting · pot. Another remarkable 
2 is, that two opake bodies ſhould thus concrete into a pellucid 
lid, not to be diſſolved any known menſtruum; tho' itſelf, in part 
conſiſts af the moſt ſoluble of all ſalts: for glaſs is neither diſſolved by water, 
58 oils, acids, alkalies, ſimple or compound ſalts; not, even by the 
philoſophic ſpirit of wine, nor the cireulated ſalts of the adepts, nor even by 
the — 5 ——— all. theſe: higher menſtruums being, as authors 
_— relate, prepared in glaſs-veſſels, many whereof are conſtantly uſed 
in the digeſtions, diſtillations, circulations, ions, and ſolutions; and 
eyen in the operations of the alkaheſt ãtſel n. 
35, Hence we, ſee how difficult it is, to aſſign the origin of any phyſſeal 
body, or to aſcertain the principles whereof it is oompoſed i and to ſeparate 


the agg — iples : ſo as; thence to diſcover a-way-of conpouniding | 
e ö 2 


would have ſuſpected, that fixed: alkali, which runs into a liquor 
in a dry air, ſhould thus with, ſand, melt into a matter ſo like a metal, 
except in malleability ? This pro of alkali, was not to be omitted in 
the hiſtory of. alkaline menſtruums. therefore, we ſee when the alkali 
is brought by the fire to run like water, it becomes ſo powerful as to fuſe 
ſand, or flint, into an almoſt aqueous form; being itſelf, at the ſame time 
ſo changed, as to appear with a ſet of new properties, and retain nothing 


543 
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but to know oothing of the art of glaſs, what judgment could he form of 


glaſs, when he ſaw it? Could he ever ſuſpect it was made of fixed alkali 
and flint united together in à ftrong fire? It is therefore bold, in phi- 


leſophers, little converſant in experiments, toaflign the origin, nature, and 


principles of gems : it were better to confeſs our 1gnorance, than to cheriſh 


great expectations upon ſlender acquirements. To fudge rightly of theſe 


Alalies dif- 
ir in purity, 


matters, we ſhould, not only know the nature of the principles concerned, 
but 8 of fire, whereby the principles may be changed in the 
act of union. ? i 
36. Having thus conſidered the origin, nature, and effects of alkaline 
menſtruums upon ſome principal bodies; we muſt next obſerve, accordin 
to what was above laid down, that as the vegetables, which afford fixes 
alkali by burning, contain an acid, more or leſs cleaveing to it, whence 
the alkaline ſalt will become of another nature than if the acid were not 
ſent therein: underſtand the ſame of oil and earth adhering to the 
t: on which account, there will be a great difference betwixt fixed alkalies, 
as they contain more or leſs of theſe principles : whence, it is no wonder that 


| in experiments with alkali, as related by ſome authors, do not ſucceed, 


Hnd from 44. 
Mitiont. 


The lindtati- 


when tried with different alkalies.. 

37. Alkalies alſo may receive great alterations from other things added 
thereto : thus in particular, their power is greatly increaſed, and an almoſt fiery, 
conſuming virtue given to them, by being mixed with quick-lime, pre- 

ared from ſhells, ſtony ſea-plants, or lime-ftone : for, by this means a 
alt may be obtained ſo ſtrong and corroſive, as to diſſolve and fuſe almoſt 
all the ſolids of animals and vegetables by boiling. Whence, we ſee « ſtrong 
alkaline ſolvent may be 9 from the ſame ingredients, which make 
unactive glaſs. Again, fixed i, rendered ſtronger by quick - lime, and after- 
wards dryed at the fire, eaſily melts like wax; and thus, by an extraordinary 
wirtue Jays hold of and diſſolves bodies put into it. And this, perhaps, 
may be the ſecret artifice, which ſome the ancient chemiſts are ſaid to 
have, of performing extraordinary 'things by an alkali of eaſy fufion ; and 
probaps is their incerated ſalt of tartar, ſo called from its readily melting 
like wax. 


28. There are, however, ſome bodies upon which fixed alkali has 


or rf no effect as a menſtruum ; thus it does not diſſolve, nor any way affect 


quick-filver, in what manner ſoever applied thereto : and hence alſo, 

it exerts no diſſolving power upon thoſe metals, which, according to the 
adepts, conſiſt of a pure mercury, and a fiery metallic, fixing, ſulphureous 
ſpint. Thus, gold and filver are not changed by it, that I know of; tho! it 
has ſome action upon the other metals; perhaps becauſe to their mercurial 
parts have added another, which approaches to the nature of an 
unctuous and ſulphureous ſubſtance. But, as theſe external ſulphurs are not 
eaſily ſeparable from the metallic matter with which they concrete; hence it 
often happens, that when theſe alkaline ſalts act upon ſuch ſulphurs, th 
may ſeem to change the mercurial part of the metals, intimately united wi 
the ſulphur, without being able to touch the mercury in its own pure nature; 
as I have plainly experienced, by melting common antimony with ſalt of 
| tartar 


a 
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tartar, nearly the whole body of the antimony, or both its ſulphureous and 
mercurial part, was diſſol into one brown maſs, without 1 — a re- 
uw but, when the regulus of antimony, now ſeparated from its external 
Iphur, is melted with fixed alkali, the alkali flowing thin on the top of 
the metal, extracts from it ſomething ſulphureous, — becomes of a gold 
colour; whilſt the regulus itſelf, remaining at the bottom, is thus made 
purer and whiter. Here, therefore, theidiffolving power of alkalies, with 45 
reſpect to metals, ſeems to be limited 3 for, when applied to calcined metals, 14 
aſſiſted 10 the force of fire, they ſeem not capable of diſſolving that 1 
ſulphur which fixes their mercury, and gives them the metallic form: 1 il 
no method of applying. fixed alkalies having hitherto, that I know of, ob- 1 
tained the mercuries of metals. And ſome of the greateſt proficients in this 008 
art, after all their experiments, have given it as their opinion, that theſe 5 ; 
mercuries have been rather ſeen by the eye of reaſon, than the eye of ex- wil 
ience. As for myſelf, after all the I have beſtowed. upon the WA 1 
ubje&, I could never meet with the ſucceſs promiſed in books; ſo that, if WE 
what Mr. Boyle, Tachenius, and M. Homberg, relate of recovering the mer- | 
cury of metals be true, ſome ſecret proceſs: is required to make theſe 
ing alkalies enter the fixing ſulphur of — 4 — e An 
39. Both the fixed and volatile alkalies have a diſſolving. power, (.) Ladies 
Upon animal, vegetable, and mineral ſubſtances;; ſo far as theſe contain H badiet. 
oils, balſams, gums, roſins, or — rofins, or conſiſt of unctuous mat - 
ters; as alſo upon ſulphurs, whether pure, compounded, or joined with 
other materials: all which, theſe alkalies excellently open, attenuate, re- 
ſolve, and diſpoſe to mix intimately with water, alcohol, and oils. Thus, 
alkalies have a great effect in extracting of tinctures, which afford excellent 
remedies. Gum-hedera, gum-juniper, gum-lac, myrrh, Sc. which other- 
wiſe ſcarce diſſolve in water, or alcohol; readily diflolve therein, after be- 
ing prepared for the purpoſe . with theſe alkalies, or diluted, heated, and 
dryed therewith, over a gentle fire. (2.) Theſe alkalies, alſo, a& as a 
ſolvent, upon ſuch bodies whoſe component parts are held together by 
an acid cement; which being thus attracted by the alkali, the component 
parts now ſeparate or fall aſunder: but, here, the acid is often fo inti- 
mately united with the ſubject, as not readily or entirely to be extrafted at 
once, tho? in time it uſually is. Thus, ——— being diſſolved by ſpirit 
of nitre, and turned into red precipitate, by the action of the fire, does not 
preſently return to running mercury, upon the affuſion of oil of tartar per 
deliquium, but changes to a different powder ; which being diſtilled in a 
retort, with a ſtrong fire, the mercury, leaving its acid in the fixed alkali, 
| comes over in its native form. (g.) After certain bodies have been once 
diſſolved by an acid menſtruum, or alkalics often exert a new power, ſo 
t as to diſſolve ſuch bodies better than if applied to them before they were 
t thus diffolved by the acid: whence it is, that alchemiſts direct, in order 
to obtain the mercuries of metals, that the metals be firſt caleined by 
ads, and afterwards be treated with alkalies. lt «Bhai ts 
1 40. We muſt here beſtow a ſhort conſideration upon volatile alkali, as 2 ils al. 
ff z menſtruum. Whether any volatile alkali exiſts in nature, without the 14. 
, f 8 | Aaaa aſſiſtance 
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affiftance of potrefaQtion, or the diſtillation of animal or ſubſtances, 
is not eaſy to determine 4 unleſs we ſhould ſay, that the particular ſalt found 
in mineral waters, is of this kind ; tho? ſuch ſalt cannot be, juſtly, reduced 
has ſhewn, that they 
thereto, than to the acid tribe. On the other hand, all ani- 
mal and ſubſtances are, 'by putrefa@tion, ht to afford a 
volatile alkaline ſalt: the acrimonious , and all animal fub- 
2 —ů —-— 4 2s are not alke» 

being mixed with toxed alla, are ſo changed, as immediately 
RIG keine exhalations, and by the action af the fire, afford a vola- 
ig attraced. into the fixed alkali. Theſe falts, 
pure, of the ſame 


to the claſs of volatile alkalies: however, Dr. Hafman 
rather 


alkahes, the with or mann mh _ 
— 2 — p AI or by 4 rey | 

—— — — y mD 
off che inftant they — and, — do nat 


— — 
the vet le urine, for cane. to the warm ſkin, 
ſalt with —. plaifter ; for thus, there ſoon ariſes 
en, followed by an ukker, and a 
and, allowing * differences, the action of volatile al- 


. 
ee, . e 
eh; Meine, 


E have already delivered: the marks ef an acid, and 
obſerved that acids are ſeldom found in a ſolid form; except in 
A agar orgs mg bles, or in tartar. All acids 
— from vegetables or daffils; none, that I know of, 2 
ker to animals. The ———— acids are either native, or produced 
fermentation. The native vegetable acids ſeom to ariſe from that juice 
which attract out of — a—_ — * dealt Þ 22 
hee -this ref] may, uced to tribe 3 eſpe· 
— Which have no root growing at the bottom of 
the. conſiſt of mere alkaleſcent parts; and by diſtillation afford a vola- 
tile unctuous alkali, according to. the — of Count Marſgli upon 
this ſubjet, The native Lan. egg mangper der ng 
s in forrel, &e; and, again, in the Juices. of unripe fruits, which grow 
4 ni der us her ren and, in all the quioes of plants, upon the 2 of 
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1 ſome, vegetables thee ĩ ip ors opt acid ; footy in 
ao Xo 3 2 guancum, cinnamon, 675. where orie could not have 
ſuſpect [, it it 40 not 2 appeaf upon diftillation. Nor, would 
any. one ſi ACK in; balſams ; vet turpentine by diſtillation affords it 


ally... 5 be obtained pure; being generall 
mixed. Wit 7 5 Eng 1 * "thc an can ſcarce ts ada, 
Jet their power 2e operation pm uitable ſub- 
. of . N and corrodes 

2 . l after the manner of mineral acids, Theſe fluid, 
egetable jui pare 12 another treatment, reduced to ſolid 2 — 

2 5 vix. b bei inſpiſſated, and ſet to ſhoot; as we remarka- 
r l che zu aß 1 Is a ſalt like tartar, and con- 


5 2 N acid 0 the plant. 
2. 
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ermentation, a ſeems. to dos or increaſe the acid latent i in ve- — 


4 N 8 er 
eb idity TED 2 yet, by by iromantatioe they ſoon grow 
ia toe, e „is more ſubtile than the native: 


AC > may term ia e d; which alſo is of two kinds, viz. as. 


the f 82 And theſe fermented vinous acids have nearly the 
fans pepper perties with the native, 


in the wine, or ſhoots from it in the ſolid form of tartar to 


other vegetable acids, produced by fermentation, I chooſe to call Artes: acide. 


acetous: hr a the brown vines, properly remedy.» co ferment . 


tion, ſour, conſume their own tartar, 
iS A — acid ; and afford a. large quantity 
The u e of this vinegar is ſo. great, and 
other menſtruums have hence been call . and 
ſolvents the vin of the philoſophers, _ 

4 To theſe acids we may add, as another kind, 
which, being being only half fermented, u in u md heb 
and fermented acids; and give them the name of che fermenting kind: 
which in this ſtate, have ſu a property, in their elaſtic fermenting part, as 
is not to be otherwiſe found in nature, as I know of. For, the gas, or 2 
expanſive and exploſive acid ſpirit, here produced in great quantity, 
received: into the noftrils, from a ſmall hole made in the caſk, will inſtantly 
like a man dead or at leaſt, occaſion a ſudden apoplexy, palſy, 1 
or vertigo's as has been found. by -fd. exp hence we may ha 
a notion of the more immediate cauſe of mani and diſorders of ho 
nerves, from thence ariſi And hence we may account for an extraor- 
imary phenomenon | by Cornaro, of himſelf, in his excellent treatiſe 
of ſobnety z viz. that in bis old age, he was every year ſcized with a 

r and faintneſs, near the time of vintage ; for which he could find 

* no remedy f fo that, at length, the diſorder increaſed to an extreme de- 

* gree: but, * upon — new wine, he recovered —— 


Aaa az 2 


ebe Juices Femanin 
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and ſoon after, his former. vigour z but as the year declined, and the wine 
« of that year grew older, he relapſed and continued ill, till he was again 
* 3 by drinking new wine in the autumn“ Hence, therefore, we 
ſee what an incredible effect the fermenting acid may have upon animals, 
botli to their relief and I. And on this account it ſeems to be, that 
the cholera morbus is often ſo ſuddenly fatal; viz. either from new wine or 
ſummer- fruits, fermenting in the ſtomach, and inteſtines,” and diſcharging 
their gas. into the muſcular coats of theſe parts, ſo as to occafion a terrible 
ſpaſm : to which purpoſe there is an extraordi account, in the philoſo- 
phical tranſactions, where that excellent anatomiſt, M. Sr. Andre, accurately 
deſcribes the caſe of a man, who was opened after dying of this diſtemper, 
from drinking too freely of new bottled-ale. And as we, hence, ſee ſuch 
an acid may have a fingular effect; probably it may alſo act as an extraor- 
- dinary menftruum in other reſpects. I have ſometimes ſuſpected, that this 
ſurpriſing ſpirit is fixed in tartar ; and coming to be ſet looſe in the diſtilla- 
tion of that ſubſtance, occaſions ſo violent an exploſion, as to burſt. the 
glaſſes; which is a common accident in the diſtillation of tartar; as chemiſts . 
well know.” It is certain that bodies ſuffered to remain in fermenting li- 
quors, are ated upon very differently from what they would be, if put into 
the ſame liquors after-, fermentation ; as we ſee, when recent plants are put 
into fermenting wort; whereby a liquor is obtained, thro* which the virtues 
of the ingredients are equably diſtributed, ſo as to act like an entire ſubſtance; | 
or as Venice-treacle, mithridate, c. tho* compoſed of numerous different 
ingredients, brought into an uniform maſs with honey, a& by the jomt vir- 
tus of the Whole * %bm _— 
5. Pure active, attenuated, and almoſt" native acids, are alſo obtained 


* 


acids by burn- from vegetables committed to the fire. Thus, if green wood be laid upon 2 


clear fire, ſo that its ends.may-reach-beyond the grate; the fire then ** 
upon the middle part of the wood, fuſes the Juices therein contained, and 
drives them out at the extremities, with a hiſſing noife and froth, in the 
form of water: this liquor being collected, is a pure acid, having all the 
properties, and the diffolying virtues common to acids. Whence, we ſee 
why the ſmoke of wood is fo pungent ta the eyes ; viz. on account of its 
diſchargitig every way, into the air, ſo ſharp an acid, as to enter the ſub- 
ſtance of fleſh” or fiſh expoſed to this ſmoke ; tinge them red, and preſerve 
them from poteeſFing, or growing rancid : the acids, thus procured, being like 
thoſe naturally found in many kinds of trees. | 
6. Again, we find ſeveral particular acids, of a balſamie and oily kind, 
produced by. diſtilling vegetables in cloſe veſſels, both per aſcenſum and 
deſcenſum. Thus, the dry chips of guaiacum, juniper, oak, Sc. afford a 
reddiſh, ſomewhat oily, and ftrongly acid liquor, of the red-herring ſmell. 
The liquor thus procured; may be made ſtronger by depuration and recti- 
fication, ſo as to become a very particular acid menſtruum. It has alſo 
extraordinary effects in the human body; where it attenuates, preſerves, - 
ſtimulates, reſiſts puttefaction, and proves diuretic and ſudoriſic: and, if 
this acid fpirit be well purified,” it admitably extracts the medicinal virtue of 
plants ; for, by its fingular, ſubtile, penetrating acid, it heightens the "_ 
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of what it extracts and diſſolves. - And all theſe vegetable acids will lnti- 
mately diſſolve many animal, vegetable, mineral and metallic bodies: they 
diſſolve horn, bone, and the fleſh of animals, by being digeſted and boiled 


therewithz they diſſolve ſhells into à tranſparent liquor; and act upon all 


the metals, except gold, filver, and quickſiſver. | 


of diſſolving mercury, ſilver, gold, and other foſſils, which the vege- 
table acids. will not touch. The acids here meant are of the foſſil kind, 


and cannot eaſily be digeſted or ſubdued by the bodies of animals: whereas 
the vegetable acids may, by the powers of the body, be ſo changed, as to 
loſe their acid nature, and: become another kind of ſalt; but the known = 


acids, capable of diſſolving gold, ſilver and mercury, are ſo ſtrong, as ge- 
nerally to deſtroy, or =. almoſt poiſonous to animals 3 except in ſome 


- 


few caſes, where putrefaction, or an ine diſpoſition tuns high: as when 


alkaline poiſons are ſwallowed, or the juiteg acquire a corroſive, alkaline * 


quality; or, again, when the plague, or the peſtilential ſmall-pox rages. * 


$49. 


7. Cbemiſtry has diſcovered other acids in aid of the former; and capable NI ac. 


8. The. native foſſil acids are extremely few, and hard to find: for The nativ, 
the mineral waters called acidule, are ſo far from being acid, as rather to and fixed: 


give all the marks of an- alkaline nature. But there is often "fourid; in 


mines, a damp or vapour, ſmelling like a ſulphureous ſuffocating acid, and 


giving other marks of its acidity z tho? this is ſeldom found alone, or in 
A reared form 3 but, meeting, as it often happens, with a ſolid body, 
capable of attracting this acid, it unites thereto, and thus becomes fixed and 


pable :- and, when extracted again from this fixed body, it is manifeſt to 
the ſenſes ; and ſo far as we can diſtinguiſh, is, when rendered pure, con- 


ſtantly one and the ſame thing. 


- 


9. When this general foſſil acid meets wih unctuous ſubſtances in the 4cid in. 


earth, it thus makes different forts of ſulphur 4 which by burning in a moiſt ey 7 


air, afford the oleum ſulphuris per campanam 7 a liquor, that being diſtilled in 
a glaſs veſſel in balneo Marie,affords a conſiderable proportion of pure water 


ſupplied from the air, and uniting with the acid fume ariſing from the ſul- 
hur in burning. After no more water will come over, there remains at the 
— of the glaſs, a ponderous, thick, cauſtic acid, in all reſpects, per- 


fectly reſembling pure oil of vitriol z excepting only, that it contains no 


10. When this ſame-univerſal acid enters lime-ftone,” it concret 
with, and conſtitutes akim of a different kind, according as differen 
are mixed with the ſtone 3 tho' all the kinds, being tirſt 'gently calcined, 


metallic volatile part, which always, more or 'leſs, remains in |vit of 
vitriol. | | | 
there< t a 


and then diſtilled with a violent fire, afford a vapour which condenſes to a 
liquor, that, when perfectly rectified, is the ſame, without any conſiderable 


difference, as the former, obtained from ſulphur burnt under the bell. 


11. So again, if native green vitriol be calcined, with a gentle heat, to a . vi, 


white powder, and diſtilled with degrees of fire up to the higheſt, it affords- 
a White fume, which condenſes to an acid ** that when perfectly recti - 
ulphur and alum. And, blue 


fied, is the ſame with thoſe obtained from 
vitriol, treated in the ſame manner, alſo affords an acid liquor, which — 
22 N £% perfect 7 


Properties of ' 
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is not to be di iſhed" from the former: and, if the 
a — A* — * 4 hundred and 
degrees, e and diſperſe into white which ſpread 
in the 4 od thus preſently kill all the — animals and i inſeQt. 
if taken into the lungs'of- men, they ſoon raiſe a violent coughing 
| bid r fuffoca- 
and ſudden death 3 or, / elſe, an incurable aſthma for life. The oils of 
r, alum, ad b. — the vitriols, produce the ſame effect, when boiled 
into vapour” by heat: and any of theſe acids, being united to —9 
il, make ſulphur; to a caulearious earth, alum; to iron, copperas ; and 

/ the blue vitriol. For theſe" reaſons, therefore, we judge, that 
one e and the ſame ponderous aid, ety eee and Pure among 


the foffils. 
12. The properties of this foflil acid are the following : ols, (I.) It is, 


the faffil acid. in its own nature,” the moſt pond etous of all acids; muy as'11, when ſpi- 


8 
1 
S. 


I 


rits of nitre GE TI ſpirit'of ſalt 8; arid diſtilled vinegar a- 
t is the 


bout 7 (8). (2.) of all acids, ſo as to afford none of its 


own acid fume with the heat of boiling water, and to require a heat of above 
560 degrees to make it boil perfectly; upon which it immediately ſends out 


_ noxious acid fumes. (3.) acid, — rectiſſed or puriſied from all its 
water, becomes highly corrofive, tron 


ponderous, and ſo attractive of 
water, as to imbibe it from the air, — increaſe its own weight. (4. 
When well reQified, it inſtantly conoeives u great degree of heat upon mix- 
ing with cold water. (g.) It produces ſuch a change ſea· ſalt, ſal- 
and nitre, as, by 5 to malte them r A the 
ſpirit of . 2 or ſpirit of nitre ; and, when poured upon other bodies 
diſſolved by acid ſpirits, it releaſes the fre — h eir acid ſol- 
venta, ſtrikes them out, renders them volatile, and often ſubſtitutes it ſelf 
in their ſtead. And hence, if alum or vitriol be calcined and mixed with ni- 
tre, they afford an #gqua-fortis 3 or, with ſea · ſalt, a ſpirit of ſea -ſalt: for the 
ſtronger fixed acid of vitriol lies concealed in theſe ſubſtances, after calcina- 
tion, and could not be thrown off by the calcining heat: and this ſtrong 
acid coming to mix with the-nitre; occafions a pure ſpirit of nitre; of aqua- 
ortis to riſe, in which there is no oil of vitriol contained; whilſt the acid, 
behind in the caleined vitriol, remains at the bottom, along with part of 
the nitre, and thus makes a fixed ſalt like tartarum vitriolatum. And the 
ſame is to be underſtood of ſea· ſalt. (6.) It readily” diſſolves iron; copper 
with more difficult Aer ſeared call; but quickfilver with 560 degrees of 
— it neither diſſolves lead nor tin. 4252 other reſpects, this acid has 
the ſame properties with other acids —— — ne yr 


them, that it perfectly diſſolves camphire into a fluid oil; which by pouring 
a large proportion of water to'it, becomes true again. 

13. Another foffil acid is obtained from nitre, and has never been found 
— dry hv nm + but' is always produced from nitre : 
which mixed with thrice its weight of bole, brick-duſt, or the like, 

tn e wich « long Hrs 4 vgs part of its thts 150 in xr 


s Memoir. de Þ Acad. Roy, de cia. Ann. 1699. p. 47. 


r 
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ſume, which condantag; to 9 fiquars is called by the name of ſpirit of nitre, 


ion, being in a manner peculiar to pit of ne and icarce 
vitriol performs. it with diffi- 
D 


conſiderable fire : as we ſee, when ſilver is ſo Aiſſol 


lapis inferualis 4 ſubſtance capable of * in the fire, without quit- 


ting the acid menſtruum. So, likewiſe, the red precipitate of 
when —. ly made, long reſiſts an intenſe fire, without letti 
acid Yea. ::: ta 


4 % 
x 
6 # 


an acid ; and. the ſame i 
mentioned above, it is c into a fluid, volatile acid: for, if mixed with 
thrice ies weight of earth, to hinder it from melting ; and diſtilled by de- 
Irees of fire, it riſes in white, thick, volatile, diffuſive clouds z which con- 
vitriol, this liquor is more v 3 but in other ref] the ſame. And 
whatever method it be obtained by, there is no confiderable difference to be 
found in it ; even, tho* fal-gem, or ſpting- ſalt, be uſed for the 

The ſpirit ſo prepared from pure ſalt, conſtantly riſes in white fumes; and 
is a ſolvent for gold, which no other acid in nature will penetrate. It alſo 
diſſolves tin (0, mercury, iron, and capper z but not filver, nor lead totally: 
whence, we ſee it is a peculiar kind of acid 


15,” Hence it appears, that pure ſpiri 

two very different kg aorsz Which, — nearly approach to cach other, 
and may eaſily be changed, the one into the other: a particular, well 

deſerving to be regarded in the hiſtory of menſtruums. Thus, if ſpirit of 
nitre be drawn off from perfectly purified nitre, in a glaſs-retort ;. the ſpirit 

of nitre is meliorated thereby, and after every ſuch operation, becomes 

fer all: the es of ſpirit of nitre : but, if the nitre here employed, be 

not perfectly | from all ſea-ſalt, the ſpirit of nitre ſo treated, loſes its 

nature, will not diſſolve ſilver, but becomes a kind of ſpirit of ſea - ſalt, or 

agua regia, and diſſolves gold. And by carefully conſidering this fact, it will 

appear to be ow ing to ſome nitre remaining in the ſea · ſalt, and mixing with 

the ſpirit upon diſtillation ; whence, a true agua & or is thus formed : as 

may farther appear by the following experiment, Take one part of . 


(% Boyle, Scepe. Chem. p. 177. * 


— 
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14. When Gl is fata pure, it affords. no- Ggn of its containing 73. 4 
Ids r nitre ; like which, by the — Fry 4 


of nitre, and pure ſpirit of ſalt, are fqua regia. 
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dry, decrepitated ſea-ſalt reduced to fine poder, put it into a clean retort 
and add thereto four parts of ſpirit of nitre, or good agua-fortis, diſtil to 
perfect dryneſs in a ſand- heat, and you will find the acid ſpirit, in the recei- 
ver, will be an aqua-regia, and not an aqua. fortis ; as diſſolving gold, but 


not touching ſilver. And upon examining the ſalt that remains at the bot- 
tom of the retort, we ſhall find it, after ſolution, purification and cryſtalliza- 
tion, to be a true and perfect nitre (e). Again, take one part. of perfectly 
purified nitre, and two of the beſt ſpirit of ſalt, diſtil them in the ſame 
manner, and a ſpirit will come over, that diſſolves gold much quicker and 
eaſier than the ſpirit of ſea - ſalt uſually does; and if the dry ſalt, remainin 
at the bottom of the retort, be diſſolved in water, filtred and cryſtallized, it 
here alſo becomes true and perfect nitre (4). Whence we ſee, that aqua- 
fortis becomes an aqua-regia, upon the mixing of ſpirit of nitre and ſpirit of 


ſea · ſalt together, in any manner, and almoſt any proportion. And even if 


agua: fortis be mixed with a little ſal · ammoniac, ſal- gem, ſea · ſalt, ſpirit of 
ſalt, or other ſalts containing theſe, it preſently becomes an | 


ua-regia. 
may eaſily 


16. From this hiſtory of acids we obſerve, (t.) That ac 


357 be produced from ſubſtances that are not acid ; as we ſaw above in the pro- 


-duCtion of v le acids. And thus ſome excellent wine, that was not a- 


cid, being well bottled, and fixed to the fail of a wind- mill in motion, tur- 
ned to vinegar 42 three days time, according to the obſervation of M. Hom- 
erg (e). (2.) That, however, acids once produced, and long expoſed to the 


fire, are ſcarce afterwards changed. Thus aqua-fortis, ee ſpirit of 
--nitre, ſpirit of ſalt, and oil of vitriol, being hermetically ſealed up in glaſſes, 
and digeſted for four years, with the uniform heat of an athanor, retained the 
. fame diflolving power; whilſt only vinegar became infipid, and acquired a 
ſpicy odqur : but the ſpirit of ſalt had, in this time, begun to diſſolve its con- 
*taining glaſs. (3.) Theſe acids loſe their acidity, in acting as menſtruums upon 
the bodies they diſſolve; as M. Homberg infers, from a eurious experiment 
made upon — and ſpirit of nitre (). Whenee it appears, that the 
0 — acid menſtruum, by diſſolving its proper ſubject, is changed into an 
inſipid, unactive matter, no longer retaining the peculiar diſſolving power 
it had before; but thus becoming water, phlegm, or ſome aqueous l- 
quor: whence, the ſolvent is truely changed, and the power of diſſolving 
loſt in the act of ſolution. Hence, it is not improbable, that theſe acids 
are generated and deftroyed ; for no ſpirit of nitre hath ever been found 
native, but is always produced from nitre already formed. Now this nitre is 
> in earth abounding with the excrementitious parts of animals, lime, 
- alkali, and air; or from ſpirit of nitre, attracted by pure fixed alkali; or laſtly, 
from fertile, rich earth, defended againſt rain, and not waſted in the pro- 
duction of vegetables (g). Whence, it appears that the acid ſpirit of nitre 


-ariſes only from pure nitre changed by the fire; and that native — 


9 See du Hamel, Hi. Acad. Reg. Sc. p. le) Hift. de Þ Acad. Roy. de Sc. Vol. II. p.11. 
. Boyle, Orig. Form. p. 215. | ( } Ibid. p. 442, "SW 
Boyle, ubi ſupra, 5. 215——224.- (z) Mem. de Acad. Roy, de Scien. Vol. I. 
_ Bobn. Chem. £ 755 36, 163. Hen. OG p. 52. 
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fore, theſe acids, in d 


from one; for ſpirit of nitre diſſolves filver, lead, copper, mercury, anti- 


mony, zink, emery, Sc. and with each of them conſtantly generates new - 


ſubſtances, in all their ſenſible properties and effects, as Mr. Boyle has ſhewn, 
in treating of the mechanical origin of qualities. (5.) All theſe acids agree 
in ſome reſpects, but differ in others, 


17, Acids agree, {1.) In uniting with alkalies, making efferveſcences there- 22 


with, and producing new kinds of falts. (2.) They alſo in combin- 
ing with chalk, coral, crabs-eyes, |, mother-of-pearl, ſhells, horn, bone, 
quick-lime, iron, copper, Fc. all which are diflolved quicker or flower by 
every acid 3 the bodies ſo diſſolved, conſtantly attracting the acid of the ſol- 
vent, from the water in which it was diluted ; the diſſolved matter being 
thus united to the acid ſalt, and rendered of a ſaline nature, fo as to join 
with water; whilſt the acid adheres to the matter, which would not other- 


'wiſe diflolve in water. But, when the acid ſolvent is ſeparated from the 


diſſolved matter; this always appears in the form of earth, and will not 
diſſolve in water. Hence, therefore, we may eaſily be impoſed upon in the 
judgment we form of water, and take that for pure element which has 
— employed in certain operations, and holds numerous diffolved and dif- 
ſolving particles: and hence bodies are often ſuppoſed to be produced from 
ſimple water, whilſt, in reality, their origin is owing to fome diſſolving or 
diſſolvable particles it contains. And this may happen the more eaſily, as 
acids in general, when united to, and ſaturated with all the bodies above-' 
mentio except metals, loſe all their acrimony, and almoſt all their taſte, 
ſo as to paſs without being diſcovered. Thus, for inſtance, if ſpirit of nitre 
be perfectly ſaturated wich crabs-eyes ; this ſolution will prove a limpid, and 
almoſt infipid liquor; and when diluted with fair water, filtred and kept for 
ſome time in a gentle heat, it might paſs for water it ſelf ; but, upon adding 
fixed alkali thereto, the crabs-eyes before diffolved will ſoon fall to the bot- 
tom, and ſhew that ſuch: a ſolution. was not water. 32 Thele acids alſo a- 
gree in this, that in diſſolving their reſpective ſubjects, they not only con- 
crete with what they diſſolve, but alſo have their own nature changed there. 
by. Thus we learn from experiments, that even the ſtrongeſt acids, by 
acting as menſtruums, are changed by the bodies acted upon; and not only 
loſe their acidity, but their diſſolving power. So, for example, when ſpirit 
of nitre diſſolves mercury, till ſaturated therewith, the liquor drawn off is ſo 
changed thereby, as to be able to diſſolve no more. (4.) It is alſo a common 
property of acids, to change the colour of vegetable juices, or to turn them 
red; as we ſee in the juice of violets, roſes, turnſol, Sc. (5.) They all a- 
gree in this, that they do not ſo much change the bodies they diffolve, as 
they are changed by them; which appears in numerous inſtances. Thus vine- 
does not remain vinegar in the lead it has diſſolved; nor is ſeparated 
om it again in the form of vinegar: whereas the lead, upon reduction, 
turns to lead again. When ſpirit of nitre diflolves mercury, the mercury may 
khence be recovered perfect; but the ſpirit of nitre, ſeparated from it, is no 
Bbbb longer 


a 


duced, without requiring a previous production of this ſpirit. (4.) There- 
iſſolving bodies, concrete therewith; and are changed 
or converted into new ſubftances : and thus numerous, different bodies ariſe 
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ny of their aci 
18. Theſe acids, however, differ conſiderably from one another; viz, 
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longer the thing it was before: 'tis therefore common to them all, that ma- 
parts are conſtantly loſt in the act of diflolving. 


(I.) In the quantity of true acid, with reſpe& to the water they contain: 
thus, an ounte of the beſt vinegar holds but eighteen grains of true acid, the 
reſt being water; an ounce of ſpirit of ſalt holds 73 grains of true acid, and 
the reſt is water; an ounce of ſpirit of nitre affords 2 drams, and 23 grains 


. of acid, and-the reſt is water ; an ounce of oil of vitriol affords 4 drams and 


65 grains of acid, the reſt being water ; according to the obſervations of M, 
Homberg (g). (2.) The ſeveral ſpecies of pure acids differ greatly as to the 
degrees of their ſolvent power. Spirit of nitre ſcarce touches gold, with a 
bolling heat, or only renders it black; but preſently, diſſolves ſilver, whilſt 
equa-regia has the contrary effect: whence it is plain, that the acid here does 
not act in virtue of being an acid, but as a particular body. (3,) Theſe a- 
cids alſo differ again in this, that ſome of them are changed in a different 
manner, or into a new ſubſtance, upon diſſolving their ſolvends ; ſome being 
thus changed more, and others leſs. The ſpirit of vinegar, by diſſolvin 
lead, becomes thick and unctuous; but ſpirit of nitre is not ſo much changed 
by diſſolving the ſame. . (4.) One and the fame acid is greatly changed by 
acting upon ſome ſubje&s, and little by acting upon others. Spirit of vine- 
Bars we juſt now obſerved, is conſiderably changed by acting upon lead; but 
y diſſolving iron quite loſes its own nature, ſo as never to recover it; tho? 
by diſſolving copper into a green liquor, whence cryſtals: of verdigreaſe are 
obtained ; theſe cryſtals contain a ſtrong vinegar, ſeparable from them by 
diſtillation with little change, tho' it adhered ſtrongly to the copper. 


| Whence we ſee, how great a difference may happen to an acid in different 


metals; which alſo holds of other ſubjects. (g.) All acids may be diluted 
with water, and united with ſpirits and oils : thus, ſpirit of nitre unites with 
alcohol, tho' not without conceiving great heat, diſcharging red fumes, and 
making a ſtrong and almoſt fiery efferveſcence; the ſame ſpirit of nitre, 
upon uniting with oils, generally raifes a violent heat, and ſometimes a 
motion productive of fire and flame. Oil of vitriol alſo produces great heat 
upon mixing with alcohol, And when acids unite with oils, a bituminous, 
pitchy, or ſulphureous matter is commonly produced; whence ſurprizing 
changes are made. And thus we finiſh our account of acid menſtruums, 


with regard to their acting; and ſhall next proceed to neutral ſalts. 
(g.) Mem. de Þ Acad. Roy. de Se. Vol. I. p. 52. 
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| SECT. IX 
Of Neutral Salts, confidered as MxnsTRuuMs 


1. D neutral ſalts we here underſtand ſuch as are neither acid nor alka- 75: Aeli 

line, but ſeem to be a ſaturated mixture of the two, And firſt, comes deer 9 af 
common ſal-ammeniac z* which eaſily diſſolves in water; and runs per deli- ee. 
— in a moiſt air, ſo as thus to make an extremely pungent, penetrating 


. 


iquor, capable of diſſolving groſs, gelatinous, pituitous, and gummy con- 
cretions in the bodies of animals; being not only admirably attenuating, re- 
ſolving and inciding; but alſo ſudorific, diuretic, and ſtimulating to the fali- 
val glands ; and at the ſame time greatly preventive of putrefaction. So 
likewiſe, when this ſolution of fal-ammoniac is boiled, or digeſted, with 
gummy or reſinous vegetables, it reſolves them intimately, and thus diſpoſes 
them to diffolve in aqueous or ſpirituous menſtruums. It has likewiſe admi- 
rable effects upon metals, Thus iron-filings, by being boiled therein, are 
excellently diſſolved and turned into an admirable, aperient and invigorating 
medicine. Being digeſted with filings of copper, it produces a beautiful blue 
liquor; a few drops whereof being taken upon an empty ſtomach, often 
prove good in caſe of worms and epileptic fits. This brine of ſal-ammoniac is 
therefore an excellent menſtruum, not only for animal and vegetable ſubjects, 
but alſo for minerals, . I aner | | 
2. The pure dry ſalt being ſublimed into flowers, and then very well 
ground and mixed with foſſils, and ſublimed together with them in cloſe veſ- 
ſels, produces very extraordinary effects as a menſtruum; whence it has 
been called by the alchemiſts the white eagle, or the philoſophical peſtil. If 
ſulphureous bodies, metals, or ſemi-metals, be treated in this manner, they 
are thus attenuated, opened, volatilized, and perfectly changed, Whence 
moſt excellent remedies are in this manner prepared, and- ſcarce ſo well in 
any other; as we ſee in making the flowers of lapis Hematitis, ens Veneris, 
ens Martis, &c. The changes of colour produced in antimony, by being 
N ſublimed herewith, are very extraordinary: and many of the antient che- 
miſts have called this ſalt, the key for unlocking the ſecrets of nature. It 
has this excellent property, that it is ſcarce changed in ſublimation, except 
by the bodies it is mixed with, When added to aqua-fortis, or ſpirit, of ni- 
tre, it preſently turns them into agua- regia. With fixed alkaline ſalts it ſoon 
changes, partly into a pure volatile alkali, which directly acts as ſuch, and 
rtly into a new ſalt, reſembling ſea · ſalt. A ſaturated mixture of the 
pirit of ſea- ſalt, and a\rure volatile alkaline ſpirit, immediately 2 
ſal· ammoniac; which may alſo be made by ſubliming a mixture of ſea- ſalt, 
urine, and ſoot: whence it ſeems to be a ſemi - volatile ſea · ſalt: ſo that its 
power, as a menſtryum, chiefly reſembles that of ſea- ſalt. And on this ac- 
T. count, it cannot be more improved than by being ſeveral times ſublimed 
| 4 2412 | wil : B b bb a2 | . i152 s 3 


kb OA. AS. 


556 


"FP The Theory of CuxMisTRv. 
from pure, dry, itated ſea-ſalt, in cloſe veſſels z which is the beſt me- 
thod of r the flowers of ſal-· ammoniac. 


Sea-ſalt c,. 3. Though ſea-ſalt, ſal- gem, and Fans hut. differ in their origin, yet 


dered as a 
ment uu m. 


they are of one and the ſame kind, and may all be here conſidered under the 
head of ſea- ſalt; which, by means of the falt-ſprings, and ſalt-mines, is 
diſtributed over all parts of the earth, as the univerſal preſervative againſt 
putrefaction. This falt eaſily diſſolves in water, and runs per deliguium in a 
moiſt air, ſo as to make a brine, or an excellent menſtruum, producing 
nearly the fame effects in chemiſtry, as the above-mentioned brine of fal- 
ammoniac z and therefore may be uſed for all the —_— 1 
4. Sea - ſalt decrepitates over the fire, and being after reduced to ſine 
| in a warm dry mortar, — in the fire; where it readily 
paſſes throꝰ the pores of the crucible, and vaniſhes. If ſemi- metals, or me- 
tallie foſfils, are mixed with this ſalt in fuſion, great and peculiar changes are 
thus produced. I mixt eight ounces of moiſt, undecrepitated ſea · ſalt, with 
two ouncesof powdered antimony ; and, after long grinding them together, 
I . mixture into a crucible, . and covering it with another crucible, I 
fa them together with a ſtrong luting ; then ſetting them in a reverbe- 
rating furnace for twenty-four hours, and increaſing the fire at laſt to make 
— I found, upon opening the veſſel, a duſky maſs, with white 
ſpieula riſing on the top ; then reducing the whole to powder, I treated it as 
before, and obtained a ruddy maſs, with the more metallic part at the bot- 
tom: and, upon repeating the proceſs, and uſing a ſtrong fire of fuſion, al- 
moſt all the falt paſſed thro* the pores of the veſlel; leaving at the bottom a 
ruddy maſs of antimony ſurprizingly changed: where we by an exam- 
ple, how this falt may act as a dry menſtruum, by means of fire. 

5. This falt may be uſed, on many occaſions, with a much ter effect 
than any other ſalt ; and therefore is uſually applied, in a dry mixed 
with brick-dufſt, in the buſineſs of cementations, in order to introduce ex- 
traordinary c as to the exaltation, f: ian and ripening of metals; 
which ſubject is largely treated of by Parace//us, and verified by others. In 
0 7 omprentiuebngs to . 244 F. 60 ſea - ſalt, here mixed — the 

ick-duft,. turns to a volatile acid fpirit, ing agua · ria, and acting 
like that upon metals, fo as — eros wager ; — by this 
means, the ſea · ſalt is turned to a ſpirit, and ſeveral times returned back up- 
on a pure, dry, decrepitated ſalt, a ſurprizing particular ſolvent is thus o 
tained from the ſea · ſalt: and, to this purpoſe, I ſhall here relate a laborious 
experiment. 

6. To two pounds of ſpirit of ſea-falt, I added, by degrees, as much pure, 
dry ſea- ſalt, in fine Seder, as the ſpirit would take up ; then purifying the 
liquor by reſt and ftraining, I put it into a tall, chemical phial ; and invert- 
ing another of a ſmaller kind thereon, I carefully cemented them together; 
then expoſed the matter to the heat of the ſun, from the tenth of May, to 
the tenth of July. 33 3 it in a retort, with 8 
a thick liquor, appearing like oil, containing hard cryſtals -falt, re- 
mained at the — What was diſtilled over, I now back, and 
drew off a- freſn; repeating this operation thrice: then found the falt re- 


| 
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maining at the bottom was (; » fat and oily. After this, I repeated the 
operation twenty times, an = poured back the liquor laſt diſtilled, and 
left them mixed 9 57 for five months; then, with a gentle fire, I drew 
off an almoſt inſipid phlegm, till the acid ſpirit began to riſe; when, changing 
the receiver, and di illing with a ſtronger fire, I obtained an extremel 

ſtrong, acid, ponderous oil of ſalt, which I kept ſeparate, and obſerved, 
that the (alt remaining at the bottom of the retort, after all theſe diſtillations, 
was extremely acid, and conſiderably fixed. I put this falt in a glaſs-diſh, 


and 2 it to the air of a cellar, where it run per deliguium, into a liquor: 


which urified by ſtraining, and united again to the phlegm, ſpirit and 
oil of ſalt — a drawn over, I thus at length, by a 5 Wen ob- 
tained a menſtruum of ſuch efficacy, as made me not repent of my labour (5). 
This proceſs I performed, in order to diſcover what truth there was in the 
account Parace!ſus gives of it. Mr, Boyle, by means of a particular, lon 
continued digeſtion, obtained a ſpirit without phlegm, and rifing before 

„ from ſca-falt by it ſelf z and this with the moderate heat of a ſand. 
nace (i). Sea: ſalt being diſſolved, ſtrained, purified, and cryſtallized, af- 
fords a ninth part of a ſaline ſubſtance, having a bitter auſtere taſte, and not 
ſhooting into cryſtals z and this being taken from it, the ſalt becomes 
the purer (c). Theſe particulars being conſidered, it is no wonder that con- 
fiderable chemiſts have attributed ſuch great virtues to ſea-ſalt chemically pre- 
pared ; and this both in the way of a menſtruum and a medicine: the me- 
thod of preparing it for which purpoſes, may hence be learnt. 


357 


7. The common nitre, being produced from animal, alkaline and calcari- Nie a: 4 
ous ſubſtances, is eaſily turned to fixed alkali, and a volatile acid. It alſo nofruwn.. 


appears of a particular nature, when applied to bodies as a menſtruum; and 
its operations are here fo intricate, as ſometimes ſcarcely to be explained, on 


account chiefly that the ſubje& is extremely changeable by fire, and other 


things. When ſed to the fire, in a pure and dry ſtate, it there ſoon 
Jn — like water; and thenee ſurprizingly promotes their 


melting, though otherwiſe of difficult fuſion; and thus attenuates, divides, 


and intermixes their parts, even whilſt it acts them in no other re 
ſpect: whence it comes to be uſed in metallurgy, as a flux for metals, 


8. But if the matter thus mixed with the nitre, contains any thing oily,. 
E 
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unctuous or ſulphureaus, this ſuddenly deflagrates with the nitre in t 
raiſes a violent flame, and greatly increaſes the heat; whence the applica- 


tion and action of the nitre being ſtronger, it greatly changes, divides, fu- 
ſes, and ſeparates the bodies in a different manner than is otherwiſe known; 
the nitre at the ſame time loſing its own nature, or turning to a kind of 

I-polycreſtum, which has a, different diſſolving power from that of nitre. 


hence the action of nitre upon bodies is of one fort, before it defla- 


ow with them, of another during the deflagration, and of a third after 
9. Again, 


}) See Paracelſ. Archidix. c. 4. (4) See Du Hamel, Hift. Arad Rwy. Se . 


e deflagration is over, 


) See Boyle, Mechan. Orig. Qual. p. 2344 1G, 17. 
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it at length produces a kind of cauſtic- ſtone, which 
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9. Again, when nitre is melted along with a vegetable coal, its parts are; 
thus, ' ſtrongly agitated, ſo as in like manner to agitate the bodies to be 
diſſolved ; at the ſame time diſcharging particular active fumes, capable of 
penetrating and diſſolving many bodies in the fire. But, when the nitre is 
thus changed to fixed alkali, it does not flow, unleſs the fire be violent ; 
and, then, according to its own penetrating and particular nature, it begins 
to act as a fixed alkaline menſtruum; and thus acquires and exerts a new 
diſſolving power: as we ſaw in the preceding account of alkaline men- 
ſtruums. 

10. If the bodies thus to be . fuſion, with nitre, contain earth, 
ſtone, alum, vitriol, bole, or the like, the nitre is immediately changed 
into a ſtrong acid volatile ſalt, or ſpirit of nitre: which, now, agitated 
with ſo violent a fire, penetrates, diſſolves, and greatly changes the ſubject; 
thus acting by one of its parts, like aqua artis; whilſt the other part re- 
maining at the bottom, acts by a very different diſſolving power. And, 
hence, we may underſtand, what a great effect this falt may have, when 
uſed in the way of cementation, along with metallic matters: for, thus it 
changes into a corroſive ſpirit, capable of altering metallic matters various 
ways; as may be learnt from the account above given of the acid tribe 
of menſtruums, : | | 
11. If pure nitre be fuſed in a ſtrong fire, along with _— of antimony, 
| acts after -a manner, 
ſo far as I know, peculiar to itſelf; being a very fixed ſalt, of difficult 
fuſion, and uncommon fiery acrimony, Whence, it appears what a prodigious 


_ diffolving” power this ſalt may have, when mixed with regulus of antimony, 


and applied to bodies in the fire: doubtleſs its efficacy as a menſtruum, muſk 
thus 05 extremely great. | 1 hes 

12. If powder of fal-ammoniac be thrown upon nitre melted in a clean 
crucible, a gentle flaſh will be produced, as if a burning coal was thrown 
apo the nitre ; whilſt the ſalt js thug every moment changed in the fire, 
till at jength, being faturated with the fal-ammoniac, it flaſhes no longer; 
but turns to a new kind of reddiſh-falt of a very particular nature, little 
known or conſidered by the chemiſts; but, whilſt the nitre, and fal-ammo- 
niac are thus mixed with other bodies in the fire, different kinds of ſolutions 
will be made at different times; and, conſequently, different effects produced 
at each time, whilſt the bodies remain together in the fire. Theſe iculars 
are ſeldom carefully regarded by the Operators; whence, they frequently 
meet with unexpected accidents, whilſt they 'over-look ſuch things as may 
alter the ſucceſs of their experiments. If one part of ſea-ſalt and two of ſpirit 
of nitre be diftifled together, the liquor that comes over from them, with a 
zentle heat, will prove an aqua regia, and act entirely as ſuch ; whilſt the 

t remaining behind, will be nitre; and, when thoroughly aryed, act as 
nitre, at the end of the operation; tho*, at the beginning thereof, it acted 
as aqua regia, in the liquor diſtilled over, Wuhence, we ſee what a great 
difference there may be in the action of a menſtruum, at different times of 


the operation. So, again, if one part of pure nitre, and three parts of the 


Ipirit of ſea- ſalt be diſtilled together, they yield a ſtrong aqua regia z _ 
| | ” 
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the dry ſalt remaining in the retort, is, again, left true nitre. Which ſhews 
us how careful we ought to be, in the uſe of theſe menſtruums, to prevent 
being impoſed upon. So, likewiſe, if the ſpirit of nitre, with a proper 
proportion of any alkali, be uſed as a ſolvent, they ſoon turn to nitre, and 44 
act as ſuch at the end of the operation. And, if Glauber ſays true, that 
nitre may be made from a mixture of ſea · ſalt, fixed alkali, and quick. lime, 
burnt and ignited in the fire, and afterwards expoſed to a moiſt air; theſe | Ti 
three ſubſtances, being uſed together in cementation, muſt have a very dif- Wen 
ferent effect from what one might otherwiſe imagine. All which bein 9 
conſidered, and compared with what is above delivered of the converſion of | 
nitre into alkali and acid, will ſufficiently ſhew us the great and different l 
ls 
4 


power of nitre as a ſolvent. 

13. Native borax, found in the Eaſt- Indies, Perfa, and Tranſylvania, be- Borax ar 4 438 
ing diſſolved in water,. filtered and cryſtallized, has a ſomewhat ſweetiſh n. 1 
and bitteriſh taſte; · but is neither acid nor alkaline: By ftrong diſtillation. 1 
it affords mere water; whilft the part that remains behind, turns to glaſs, bi 4 
incapable of being diſſolved in water. When mixed with ſand, and urged Wl 
with a violent fire, it affords no acid ſpirit. It greatly promotes the fuſion 1 
of metals, and unites them together in fuſion: and thus, alſo, has nume- 0 pill 
rous other effects, which could not otherwiſe be ſo eaſily obtained. =_ 

14. If what is above delivered of ſaline menſtruums be well underſtood, Cen, fa. * 
it- will not be difficult to conceive that. various. combinations of ſalts ſhould 0 
produce many new kinds of ſaline menſtruums, having ſingular and un- 
common diſſolving powers. Theſe combinations are ſometimes made by 
art and contrivance, and ſometimes accidentally, ſo as to ſurprize by their 
unexpected effect; and, thence, come to be regiſtred in books of chemiſtry : 
and, from theſe two origins proceeds that vaſt ſtock of menſtruums which 
chemiſtry abounds with. Thus, when volatile alkalies are mixed with the 
fed kind, the former are always rendered ſtronger and more volatile by 
the action of the fire; whilſt the latter, attracting the acid particles, the 
oil, or earth, which may remain in the volatile alkalies, hence become dif- 
ferent, or more compounded and productive of other effects. Fixed al- 
kalies being united with native vegetable aſhes, afford an extraordinary 
compound ſalt, of a mild, aperient, and diuretic nature; as we ſee, upon. 
mixing ſalt of wormwood with juice of lemons, Cc. in a proper propor- 
tion; whereby a ſalt is procured, of very different diſſolving powers from 
the parts it was compoſed of, or from any other ſalts: and, When volatile 
alkalies are mixed with theſe acids, another kind of compound ſalt is pro- 
duced, differing greatly from the former made with fixed alkali. hen 
fixed alkalies are properly united with pure, fermented vegetable acids, they, 
upon * afford many extraordinary phænomena, and produce a neutral, 
mild, volatile, penetrating, ſaponaceous ſalt; which eaſily melts at the fire, 
and has conſiderable virtues. Thus, ſalt of tartar ſaturated with diſtilled 
vinegar, or with crude tartar, produces an excellent neutral ſalt; the effects 
whereof, upon animal, vegetable, and foſſil ſubſtances, have made me ſome- 
times ſuſpect it to be the volatile, ſalt of tartar, ſo highly, extolled by 
Helmont. And, perhaps, of all the neutral tribe of menſtruumy,. there is not 


. | one. 


$60 
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one that more deſerves to be conſidered, and made uſe of, than this; as might 
be ſhewn by numerous examples ; and, as remarkably appears by its diflolving 
the body of myrrh, which difficultly yields to alkalies and acids, ſo as to be 
rendered potable and miſcible with the blood : but, by being properly di- 
geſted with this neutral ſalt, it is intimately, and inimitably diſſolved for 
the purpoſe. And the ſame ſalt, if carefully made, intimately unites with 

irit of wine; ſo as to afford a menſtruum which every one that makes 
will find his labour ſufficiently rewarded. And, hence, we might eaſily 
confute the error of the modern chemiſts; who, making acids and alkalies 
the principles of all things, pretend it betrays unſkilfulneſs in chemiſtry to 
mix acids and alkalies be as if the virtue of each were deftroyed by 
the mixture ; and no uſeful property left behind: an argument ſtrongly in- 
ſiſted upon by Zwelfer. On the * it is certain, that the pure alkali 
of tartar, properly mixed with the volatile acid of vinegar, makes a neutral 
falt of a much more noble virtue than the ſeparate acid or alkali. And, when 


A pure volatile alkali is exactly ſaturated with the ſtrong ſpirit of vinegar, 


we have thus a limpid, lightly ſaline, volatile, compound liquor, of ſuch a 
peculiar diſſolving virtue as is not otherwiſe to be met with: as being able 
to paſs thro* almoſt all kinds of bodies, fo as to diſſolve them, without any 


.. conſiderable viſible conflict, Whence, ſome phyſicians have 7 eſteemed 


this liquor, in curing diſorders of the eyes, and ears, arifing from any con- 


eretions form*d therein. And, on the ſame account it has been held as 


a great and ſucceſsful ſecret for reſolving cold, glandulous ſwellings, to fo- 
ment them with a mixture of putrefied urine and vinegar ; the part being 


firſt rubbed, and the liquor applied warm. | 
15. And from hence we may underftand what will be the conſequence 


of mixing either fixed, or volatile alkalies with fermenting acids ; viz. the 


| ſtoppage of the fermentation in hand, after the production of a ſudden effer- 


velcence, and the conſequent production of neutral falts, like thoſe juſt now 
deſcribed. And the like neutral ſalts will alſo be produced, upon mixing 
the fame alkalies with the acids obtained either diſtillation, or the 
burning of woods in the fire. | 
16. When theſe fixed alkalies are united to a native foſſil acid, new com- 
pow falts, tly differing from one another, are produced. Thus, 
or example, if hot oil of tartar per deliquium, be ually dropped upon 
a ſolution of pure alum in water, till the point of ſaturation is obtained, an 
eafthy calx will be precipitated : and if the clear liquor floating above it, be 
filtered, the native acid of the alum, here attracted by the alkali, will afford 
a falt like tartar of vitriol, but without any metallic part, and of an excel- 
lent diſſolving power as a menſtruum, and of confi e medicinal vir- 
tue. So again, if to a warm and clear folution of white, green, or blue 
vitriol, the ſame ſolution of fixed alkali be added, after the fame manner; we 
hence obtain a- compound falt, conſiſting of the fixed alkali and the foſſil 
acid, which had diſſolved the calcarious matter, the iron, or the copper, 
naturally diſſolved in the vitriols: whence, again, a neutral tartar of vitriol 
is produced, differing from the common in this, that its acid had not felt 
the force of ſo ſtrong a fire; and, therefore, better preſerves its native vir- 
1 


tues 
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tues: it, alſo, better depoſits its metallic parts, except the vitriol was from 
copper, whoſe metallic part remaining in the ſolution, tinges the ſalt of a 
-blue colour, | | 

17. When fixed alkali is intimately mixed with ſulphur, the foſſil acid of 
the ſulphur is attracted into the alkali : and, hence ariſes a ſalt reſemblin 
the former, tho of a ſomewhat different nature; as appears by the figure o 
the cryſtals it ſhoots in: which ſeems principally to riſe from hence, that 
the unctuous part, mixed in with the ſulphur, alſo joins itſelf to the fixed 
alkali, and fouls the ſalt; thus making a more compound ſalt, of different 
odour, taſte and virtue. 2 

18. Hence alſo, we may learn what will be the conſequence, upon mix- 
ing vitriolic, or aluminous waters, or their unctuous ſediments, however 
procured, ' with fixed alkali: for, thus the metallic or terreſtrial part, held 
diſſolved in them, being now ſeparated, the acid ſolvent will unite with 
the alkali into a kind of tar/arum vitriolatum, where the diſſolving power is 
peculiar or different from that of other ſalts; as appears by applying it to 
metals, ſemi-metals, ſulphurs, and other foſſil ſubſtances. And, this falt 
uſually retains its diſſolving power more permanently and immutably than 
any other compound ſalt; its acid, as well as its alkali being more fixed, 
and both, thus united into a very fixed neutral falt. Nor, do we know 
any other acid, which, when applied to this tartar of vitriol, is able to ſe- 


parate the acid it contains: whereas the native acid of vitriol, commonly 


expels the acid from all other ſalts; as we ſaw above. 
19. When pure volatile alkaline falts are mixed with theſe native foſſil 
acids, a particular kind of ammoniacal falts are thus produced, compoſed of 


the foſſil acid, and volatile alkali; and theſe, for diſtinction's ſake, may be 


called by the name of ſemi-volatile tartars of vitriol. Theſe ammoniacal 
ſalts highly deſerve to be regarded by chemiſts, as menſtruums, on account 
of their remarkable diſſolving property; and, by phyſicians, on account 
of their conſiderable, aperitive, 8 reſolving, ſtimulating virtues. 


20. Hence, alſo, may be underſtood what will foſlow, upon mixing com- 
mon ſal-ammoniac with the vitriols, and committing the mixture to the fire; 


for, thus, the acid of the vitriols, being attracted into the acid part of the 
fal-ammoniac, releaſes the acid ſpirit of the ſea · ſalt, which makes the other 
part of the ſal-ammoniac : and, this ſpirit being volatile, is thus ſeparated, 
whilſt, by the union of the vitriolic acid with the alkaline part of the fal- 
ammoniac, a ſemi-volatile tartar of vitriol is produced; the remaining part 
being a metallic maſs before contained in. the vitriol, but, now, precipitated 
in the form of fæces; or elle, being again diſſolved by the ſpirit of ſalt, 


affords a new kind of metallic ſolution. And, hence, we have a juſt foun- 


dation for judging of the event of combining, fixed, or volatile alkalies with 
all the native foſſil acids, however they may lie concealed in metals, earth, 
oils, or other ſalts ; for the effect will here be always the ſame, and ma) 
be predicted from what is above delivered. And theſe experiments are e 
certain, and, conſequently, ſo agree ible, nay, an! ſo uſeful both to che: 
miſts, and phyſicians, that they cannot be ſufficiently recommended. 
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Metin, 21, The doctrine of menſtrugms next requires us to conſider thoſe which 
Ls ns ariſe _ the combination of fixed alkalies, with a foffil acid obtained by 
42 ali fire D. fixed alkali is ly ſaturated with the acid fpirit of 
acids. run, ſea-ſalt itſelf ſeems thus, in almoſt all reſpects, to be regenerated, 
When laturated with the acid of nitre, it re-produces nitre; and, with the 

acid of alum, and, the acid of ſulphur, or vittiol, it conſtantly makes the tarta- 

rum vitriolatum, as above deſcribed. In the ſame manner, when pure volatile 

alkali is united with ſpirit of ſea-falt, there ariſes a true ſal-ammoniac ; and 
when mixed with ſpirit of nitre, agua fortis or a ſemi-volatile nitre is 

thus ws rs If the ſame volatile all bo — 2 oil of vitriol, 

s per campanam, or with the il m alum, it thus 

8225 a Emi. volte tartar of yitriol, All which makes it appear, how 

and what ſurpriſing actions of menſtruums may frequently ariſe from 
mixing of certain bodies together, and a 1 
un the flre. Is almoſt incredible, 1 great a change may proceed from 
the mixture of one fingle thing with another, either by art, or accident, 
And without an exact ors. of all theſe particulars, we can never have 

an n mical hiftory 5 of menſiruums 

mms | Ve HOY Yd to confider the action of menſtruums made by 
unting per wpls ſalts with other ſalts: for which we have already pre- 
9 - "ng e * Ibs, if pure alkali be added to the brine of ſea-ſalt, 
| 725 matter is precipitated; and the ſalt now obtained by cryſtalliza- 
bong from. the clear liquor, will be a purer ſea-falt, The fame fixed alkali 
added to a brine of nitre, changes the liquor thick and tnilky ; and 
pps an carthy matter, whereby the nitre obtained from this ſolution 
comes extremely pure, When fixed alkali is added to the brine of ſal- 
ammonaae, it la eld of the acid of that ſalt, ſets the volatile alkali free, 
or ſuffers it to NN leaving a fixed ſea · ſalt at the bot- 
tom of the veſſe volatile alkali be added to the brine of ſea- 
falt, it makes the Raver Thick. then purifics it and flies off: and, it does 
the ſame, when added to a ſolution, of nitre. When. added to a ſolution of 
ſal- ammoniac, it in like manner purifies the falt, without altering its nature; 
6 ten off as it was poured on. Vegetable acids produce but little altera- 
munxed with ſea-falt, nitre, and fal-ammoniac. Fermented 
le acids, even after being purified by diſtillation, 8 
—— when mixed with the fame 2. 2. hy for the ng 1 
the menſtruums made by an artificial mixture of foſſt acids wth theſe Its, 
we have mentioned them above, in treating of thoſe acids and thoſe falts ; 
Where we ſaw, that a ſtrong fixed acid co adheres to calcined alum 
and vitriol :: the particular effect of which acid, when actuated by fire, is to 
expel all other acids from the bodies they had diffolved ; provided ſuch bo- 
dies are difſolvable by the acids of alum, vitriol, or ſulphur. Hereof we have 
already produced examples; and ſhall oply = DN 5 uickfilver be 
incorporated with vitriol, by long er, and de- 
erepitated ſea · falt be added thereto, ger — 257 Ban to ſublime in a 
glaſs- veſſel, with degrees of heat, in a ſand- furnace; the acid of the vitriol 
thus turns the acid of the ſea-falt into a ſpirit, which now diſſolves the 
- mercury, 
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mercury, and makes it riſe to the top of the veſſel, in the form of pure 
mercury-ſublimate : which is no more than the ſpirit of ſea - ſalt attracted 
into the quickſilver; and thus united there wih, into an uniform vitriolie, 
mercurial maſs, ſoluble in water. There are numerous furprifing inſtances 
of this kind, in the hiſtory of menſtruums; which may all be underſtood 
by the principles here laid down, Thus, for example, if calcined vitriol, 
or alum, be mixed with nitre, and diſtilled, they yield. agua fortis, which 
contains nothing of the acid of vitriol, but is a pure ſpirit of nitre ; and, 
if mixed with ſea - ſalt, and treated in the ſame manger, they make ſpirit of 
ſalt; if, with nitre and ſea-fajt together, they make aqua regia. 180, if 
nitre and calcined vitriol be melted together, in an open fire, the acid of 
the nitre is diſcharged, and a kind of tartarum vitriolatum left behind. Sea- 
BY treated in the ſame, manner, leaves a kind of Glauber-falt behind. 

ut it will be more agreeable to ſolve. phenomena of this kind for one's 
ſelf, Le go the doctrine here delivered, than to have all the particulats 
pointed out. Let it only be remembered, that in what way ſoever falts 
are united with falts, new ſaline productions, and new menſtruums will 
ariſe z whence, the art of chemiſtry may . perpetually be improved, and 
new phenomena produced : the conſideration whereof May not only af- 
ford pleaſure to the mind, but * gur knowledge of the native pro- 
perties of bodies, and often lead to great and unexpected diſcoveries for 
the accommodation of life. 


32. In the laſt place, it will be highly neceſſary to — that new New menfre- 


menſtruums of particular virtues may be made, b ariouſly combin- «ms. 
ing different menſtruums together; which may de on, ae. almoſt, foe 
ways: » by Fee every menſtruum to its utmo ; 
ro * 5 þ ucing ſome of them into the won? Reticle 2. 
ap —— or art: for, upon theſe tre par 
225 —. &ill of t the chief chemiſts I Bale op de 0 to d 
4 n inſtances that eee uced ts this 
Peta, an aeg pre ror and able ferment, veg ac 
pure, rong, a , 

wanting: take fine verdigreaſe prepared from copper, corroded by the 
ſubtile vapour of a fexmenting acid ; add to it, dag times its own weight 
of the ſtrongeſt diſtilled vinegar that can be made, d 6 hem e 5 Hal 
the verdigreaſe is diſſol ved i 955 e liquor z w bony oughly 
purified by filtration, and inf} 2 of Toh to a pellicle, 5 
a quiet place, where it will of the colour of ja x 

he 20d of the get 28d the e copper 3 pour off the 

liquor, we Ear ts yon again, evaporate as 9 ho ſet this _ 
to ſhoot, co & cr proceſa, no more cry 
can thus be obtained. If, the yea rei igreaſe, ſaturated with the acid, 
ied 1 iſti retort, with degrees of fire 


copper thus attracts the * 
and a en changing its nature 3 mn. 9 
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ſubſtances would alſo attract and ſeparate it, but at the ſame time, render it im- 
pure. A vinegar, for this purpoſe, may be made from beer, cyder, perry, honey, 
ſugar, manna, Sc. and thus be brought to afford a ſtrong vegetable acid, by 
means of copper: which acid, Zwelfer imagining to be the alkaheſt, he is cor- 
rected by 7. Ahenis, who ſhe ws it tobe no more than a ſtrong diſtilled vinegar; 
24. But there is no end of diſcovering new menſtruums ; every artiſt 
uſually boaſting of his own particular ſecret ſolvent; whereby he is com- 
monly able to perform what another cannot, without knowing the particular 
menſtruum. And with regard to this affair, I rather blame the reſervedneſs 
of artiſts, than the oddneſs of their menſtruums: for, every perſon who 
is ſkilled in chemiſtry, may for ever diſcover new menſtruums, by the arti- 
ficial application of body to body: ſo that, the proper menſtruums for all 
ſubſtances might, perhaps, have been diſcovered ; and, conſequently, a ſol- 
vent for the ſtone ; if chemiſts, for this purpoſe, had properly tried all the 
liquors they have prepared. PER any chemiſt had carefully examin- 
ed all menſtruums, except the ſpirit of bread z he could not eafily believe 
what a power that men has in diſſolving ſeveral bodies. 
25 To bew, that by compounding one menſtruum with another, new, 
and often excellent ſalts may be procured ; let it be recollected, that rege- 
nerated tartar, properly prepared, may be intimately united with pure alcohol, 
and thus produce a vegetable menſtruum, compoſed by the cloſe union of 
the moſt ſubtile vegetable particles ; viz. alkali, acid,and ſulphur : whence, 
the effect of ſuch a liquor is extremely great, both as a menſtruum, and a 
medicine, So, again, if a pure, firong, alkaline ſpirit, be united with pure 
alcohol, it produces an admirable menftruum, or the offa Helmontii, which 
intimately diſſolves diſtilled vegetable oils ; and, thus, makes a menſtruum 
compounded of the genuine, vegetable ſulphur, and alkali ; and is one of the 
- moſt excellent menſtruums and medicines hitherto known. In like manner, 
pure ſpirit of nitre, ſaturated with the alkaline ſpirit of ſal ammoniac, makes 
a kind of volatile nitre; and, thus, affords us an opportunity of examining, 
by experiments, whether it will perform the things expected from the vola- 
ile nitre, ſo much enquired after. Many chemiſts have ſpent their lives 
in making experiments of this kind ; being pleaſed with the diſcovery of 
ſomething new, as a reward of their labour. And, ſuch experiments may 
well deſerve to. be proſecuted ; the diſcoveries being, all along, carefully 
obſerved : for when a number of them are carefully digeſted and conſidered, 
more general rules may be formed about them. 
26, It is time we ſhould now proceed to draw out the conſequences af- 


from the hifto- forded by the preceding doctrine of menſtruums ; and, (I.) It is not cer- 
1 tain, whether any menſtruum has a power of diſſolving any ſubject, with- 


out the aſſiſtance of fire; as no experiment could ever be made in a place 
deſtitute of all fire; ſince we ſaw, in our account of the utmoſt known degree 
of cold: and eſpecially, fince moſt of the known menſtruums act the better 
vhen affiſted by a certain degree of fire, Th 8 £1 
27. (2.) Menſtruums can ſcarce act as ſuch, unleſs reduced to a fluid form, 
or at leaſt approach thereto; as they chiefly do, by the means of fire, air, 
water, and triture; which four cauſes uſually excite the latent powers of 
menſtruums, | F 28, 
r 
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28. (3.) Certain menſtruums contain a cauſe within themſelves, appa- 
rently capable of exciting motion; tho? in reality it depends upon the near 
approach of another body: thus, if a good load · ſtone be ſulpended by a 
thread, and hangs at reſt in a great degree of cold, it will ſeem to have no 
active vertue ; but, if iron comes near it, a motion is produced in both theſe 
bodies, till they come together, and remain in contact: and this kind of power 
generates motion ſpontaneouſly, without the afliſtince of any fire ſenſible to 
us; and is not excited by motion. So, likewiſe, ſtrong ſpirit of nitre, con- 
fined ina cloſe veſſel, yields an acid fume, conſtantly playing above the ſur- 
face of the liquor, wil iſſuing out whenever the veſſel is unſtopped. So, 


likewiſe, the alkaline ſpirit of ſal· ammoniac yields a fume, which I could never 


obſerye to be at reſt : and the ſpirit of fal-ammoniac made with quick-lime, 
yields a fume much more volatile and moveable. Such kind of bodies, 
therefore, ſtrangely retain, and ftrangely excite” motion: and, poſſibly, 
there are ſuch continually floating about in ſubterraneous places, till they 
reſt in ſome one body where they unite, fix, and thus produce numerous 
compound ſubſtances. But, we are always to remember, that air, even 


in the utmoſt cold, has a conſtant vibratory motion; and, therefore, may 


often excite the motions we here ſpeak of z as, on the other hand, ſolutions 
are often immediately performed by means of the motion liar to the 
menſtruum ariſing from it; whilſt a conſiderable motion of another kind, 


and proceeding from a different cauſe, would not p_ the effect. Thus, 


for example, if a piece of fine Engliſb chalk be. calcined in a ſtrong fire, or 
even in the focus of a burning concave, it will ſcarce be changed by this 
violent motion; nor, tigain, by being expoſed to a hot or cold air, either 
at reſt, or agitated by ſtrong winds; and, tho' it long boiled in water, or a 
brine of ſalt of tartar, it: will not diſſolve; but it immediately melts and diſap- 


pears in cold vinegar: whence, we ſee there is a very great difference be- 


twixt the motion excited by the reciprocal force of the ſolvent and folvend ; 
and the motion excited by fire, air, water, and impulſe. a 

29. (4.) The acrimony of a menſtruum, with reſpect to the human body 

as to excite pain, corrode, or conſume the parts thereof, is no ſign, 
that ſuch a menſtruum is ſuited to diſſolve other bodies; as appears from 
oil of vitriol, ſpirit of nitre, ſpirit of ſalt, and aqua regia : which, tho* they 
readily conſume fleſh, yet do not diſſolve wax and ſulphur ; tho“ theſe two 
may eafily be diſſolved in the body. 

30. (5.) Many bodies, incapable of diſſolving in certain menſtruums, 
may be fitted for diſſolving therein, by being previouſly diſſolved in ano- 
ther menſtruum, Thus, if common ſulphur be boiled ever fo long in al- 
cohol, it diſſolves no more than a ſtone in water; but, if the ſulphur 
be firſt melted with ſalt of tartar into a duſky maſs, cold alcohol will ſoon 
diſſolve the ſulphur intimately. So, likewiſe, Foe antimony will not 
diſſolve by boiling in alcohol; but, if firſt boiled to a dry mals, with an alka- 


line lixivium, this maſs preſently yields a golden tincture with alcohol; Some: 


eminent chemiſts have conceived ſo highly of this regular and ſucceſſive appli: 
cation of different menſtruums; particularly, Mr; Boyle, and M. —_ 5: 
"os © i bes 7 308 4k 50 * that 
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that they ſay, even metals may, by this means, be reſol ved into their com- 
ponent. runni PRACT. and fixing fulphur, Thus they aſſert, that if ſil- 
ver be firſt diſſolved in . of nitre, then long digeſted with pure, fixed al- 
kali, and afterwards ſeveral times ſublimed. with ſal-ammoniac, it will at 
length, by means of theſe reſuſcitating ſalts, afford a true running mercury: 
in which, operation the acids procure an entrance for the fixed Aale into 
the ſubſtance of the metals; as the fixed alkalies procure admiſſion to the 
volatile alkalies, which could not otherwiſe enter. If my ſentiments ſhould 
here be aſked, whether metals may, in this manner, be turned to mercury ? 
I can only anſwer, that, after making many experiments with this view, I 
have not found they could. ene, | 
x. {6.) Certain menſtruums diflolve ſuch bodies as before trial op be 
1 little ſuited thereto: and this holds both on the ſide of the ſolyent 
ſolvend. Thus the viſcid and tenacious body of native turpentine, is ſo 
penetrating. in the body, as very ſoon. to give a violet-{mell to the urine, 
change its colour, and warm the perſon who takes it; it diſſolves oils and 
roſins with a gentle heat, aud even the gummy roſins, ſuch as gum-copal, 
— nm e be dif 1 — yolk of an egg — — 
any ſolvent power, from its obvious properties; yet, i 
ground with any of the gums, oils, roſins, or balſams, it diſſolves them better 
than any other menſtruum; deſtroys their tenacity, renders them miſcible with 
aqueous and ſpirituous liquors, and fit to enter the circulating fluids of ani- 
mals: whence we have an example of a menſtruum, prepared by nature, an 
. * 2 K * art Neb — fs Ouch —.— of animals, 
that o a power of ving ro- 
fins, tur pentines, Cc. Manna, honey, and ſugar have alſo — 
The white of an when boiled to hardneſs, and diſtilled in halneo Ma- 
riæ, affords a limpid, aqueous liquor, of no conſiderable ſmell or taſte, and 
of no ſaline, acid, or alkaline nature ; yet, what a particular power it may 
have, even upon metals, appears from Parace{/us aud Helmont, who judged 
it the propereſt thing in preparing their. medicated mercury. And if the 
white of egg, after boiling, be ſuffered. to run per deliguium, in à cellar, it 
turns to a kind of pure water, which diſſolves the hard, tough 
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finding it does not affect quickſilver, gold, or filver. And the ſame holds 


on no account, to deſpair of diſcovering remedies for them ; and p 
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alſo of ſalts. Silver is whitened by being boiled with cream of tartar, but 
not at all by ſea-falt, Hence we cannot ſay, that acids, alkalies, or falts are 
folvents unrvyerſally; but only with reſpect to their determinate, definite ſub- 
jects, whereto nature has fitted and limited them. 

29. (8.) So again, converſly, a cautious chemiſt, finding a body to be diſ- 
ſolved, will not infer that an acid, an alkali, or a neutral ſalt, was the cauſe 
of the ſolution, unleſs other circumſtances determined this to be the caſe ; 
yet the modern chemiſts have often deviated from this rule, through a fond - 
neſs for general concluſions; inferring the ſolvent to be known from 
ſeeing the ſolution. Suppoſe a perſon ſure, that gold was diſſolved into its 
leaſt particles, and that there was no other known ſolvent of gold beſides fea- 
falt, or preparations thereof; yet he could not hence juſtly infer, that ſea · ſalt 
was here the ſolvent: for pure quickfilver will alſo diffolve gold; tho? quick- 
filver be as far from an acid, alkane, or acrimonious ſaline nature, as any 
of the known —_— and by, ch 5 3 

30. (9.) We | , „there is no ſuch thing as a n 
ral or abſolute — or diffolving acri , this being 3 bf rg 
and holding only true of the ſolvent and ſolvend, and not of the folvent, in 


reſpect to all other bodies. Thus, if upon ſeeing the corrofive virtue of 


— nm, in 2 thouſand inſtances, upon animal, table, and mineral 
abſtances, we ſhould hence conclude it would e all other ſoft and 
tender ſubſtances ;- we might ſoon correct our ſelves by obſerving, that it 
will not diffolve ſoft wax, or brittle ſulphur. 


4 355 (10.) On the other hand, it is no ſafe conclufion, that becauſe a men- 


m proves mild and innocent to the human body, it will not therefore 
diffolve other bodies: for oil-olive may be ſafely received, in a large quantity, 
into the ſtomach and inteſtines; tho? it readily diſſolves ſulphur and wax, 
which acids will not touch. Melted wax, though ſo mild a ſubſtance, is ſaid 
to extract the red colour of coral, which long ſuſtains a violent fire with- 
out changing, and even reſiſts the force of alkalies; but we could have no 
information hereof, unleſs the experiments had been made. Hence the har- 
deft bodies, with regard to our ſenſes, and found to be fuch by their reſiſting 
2 do not require, in order to their folution, ſolvents apparently corro- 


32. Upon the ſtrength of the doctrine here delivered, it cannot appear 
impoſſible to diſcover, in art or nature, a peculiar menſtruum, capable of 
diſſolving ſome one thing inſoluble by almoſt all others; whilſt, at the 
fame time; this ſame ſolvent ſhall not diffolve other ſubſtances of a much 
weaker or ſofter texture. And the way of diſcovering fuch a menſtruum, is 
by ſacceflively applying all forts of menſtruums to the body whoſe ſolution 
is required: and here what might be judged the leaft proper for the purpoſe, 
may ſometimes beſt anſwer the end (). Thus, for example, though cancers 
the ſtone in the bladder have hitherto proved incurable, yet 76,008 9 


| t Ng it eee ode 508 ern 
;) One can fcarce help obſerving, upon work, . as no cure for the ſtorie, ſhould, upon 
. that the — bxed alkali, experience, appear to be à ſafe and trus fol-- 
rejected by the author in ſome parts of this vent for the purgoſ e. 
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of finding a method of diſſolving the ſtone, without hurting the bladder; ſince 
it is, by no means, a. conſequence, as we have ſeen above, that the bladder 
ſhould be corroded by the ſame remedy. which diflolves the tone (i). 
33. The ſpirit of rye-bread has a ſurprizing power to diſſolve certain 
ſtones; yet does not corrode any parts of the human body: and the water, 
which boiled whites of eggs ſpontaneouſly run into, diſſolves many ſubſtan- 
ces; yet may be poured into the eye with ſafety. | 
34. (41), Moſt menftruums, at the time they diſſolve and change the 
ſubject, are alſo changed thereby; the action being reciprocal ; as appears in 
almoſt every menſtruum we apply: and tho' water, alcohol, and mercury, 
hence receiye but little alteration ;, yet they uſually are gradually changed ty 
the operation. Pure mercury, indeed, is ſaid not to be altered in ſolution ; yet, 
upon being mixed with other things, it is changed in concreting, and frequently 
rendered leſs pure, or altered conſiderably; andthiseven when turned to a metal. 
35. (12.) It is a great error to ſuppoſe, that the prone any menſtruums are 
_ the more powerfully, or the more perfectly, they always diſſolve; 
| whereas, on the contrary, their diflolving power is often / diminiſhed, in 
proportion to their purification. Thus, lead is always more difficultly diſ- 
ſolved in aqua-fortis, the ſtro the aqua-fortis is made; and, more eaſi- 
ly, when the menſtruum is diluted with a proper proportion of water. 
So, iron cannot be diſſolved in ſtrong oil of vitriol; but eaſily, if that oil is 
weakened with four times its own quantity of water. Alcohol coagulates 
many bodies which common brandy will diſſolve; as we ſee in blood, which 
is taken up by brandy, but condenſed by alcohol : whence it is plain, that 
the utmoſt purity and fimplicity of a menſtruum does not always increaſe its 
diſſolving power. On the other hand, the utmoſt purity is often required in 
a menſtruum, to make it a proper ſolvent : for example, diftilled oils require 
perfect alcohol to diflolve them totally, into an uniform liquor; the interpoſi- 
tion of water preventing the effect: ſo likewiſe amber requires perfect alco- 
hol to diſſolve it, and will not yield to brandy. Hence we cannot abſolute- 
ly pronounce of menſtruums, without trial, whether they ſhould be weak or 
ſtrong, in order to diſſolve certain ſubjects; but the matter muſt be deter- 
d _—_ by experiments. r | 8 
36. (13.) There is nothing more remarkable in this doctrine of men- 
ſtruums, than the production of new powers by their action; which powers 
before exiſted neither in the ſolvent nor ſolvend, but depend entirely upon 
the union of both, after the ſolution is performed. For example, an * * 
might fafely ſwallo w a few grains of quickſilver, or a very few drops of ſpi- 
rit of ſalt; but if theſe two bodies are united, ſo as to make corrohive-ſubli- 
mate, three or fowr grains thereof would prove a violent poiſon, So again, 
30 grains of crudeantimony in powder, might ſafely be given to a child, and 
as many of nitre; but if theſe two are mixed and deflagrated in the fire, they 
: dee th Er, inſtant] 
© -- (5) What is here judiciouſly mentioned by of ſuch a real ſolvent, in a ſafe, internal, 1 
the author, as to the poſſibility of diſcovering kaline remedy : which affords a noble ſubjett 
- " a ſafe ſolvent for the ſtone, might diſpoſe one of chemical enquiry, not hitherto proſecuted 
io examine the merit of any ſuppoſed folvent as it deſerves ; nor capable of being enter'd 
[for the purpoſe. ' And I ſhould hope, from a upon, with public advantage, till the doctrine 
_ careful examination, that mankind are to be . ſhall be more generally known. 
congratulated upon the late happy diſcovery - N m Tod 205 vo 2p 
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inſtantly produce the crocus metallorum, ſix grains whereof no man would 
venture to give a child; as that doſe might prove mortal. And chemiſts be- 
ing thus admoniſhed, will, it is 33 not always expect, that the pro- 
ductions of their ſolutions muſt needs be either innocent, or medicinal, onl 

becauſe the ſimples employed therein were ſo. Great miſchiefs, and a hig 

diſgrace to the art, ariſe from this injudicious reaſoning of the chemiſts : and 
nothing has aſtoniſhed me more, than the inſufferable liberty with which 
mere operators, without any knowledge pf phyſic, have been bold enough 
to aſcribe medicinal virtues to every production of their art: a flagrant in- 
ſtance whereof we ſee in Baſil Valentine's triumphal carr of antimony. I have 
often thought, that a carpenter, a ſtatuary, or any other artiſt, might as 
well beftow extravagant praiſes upon the work of their own hands, as a che- 
miſt, Whoever has regard to truth and virtue, will think this licence ſhould 
be prudently reſtrained 3 and that, if any new production be thought deſer- 
ving of a trial as a medicine, it ſhould be done ſlowly and carefully; begin- 
ning with a moderate doſe, and having the mind intent upon the event and 
circumſtances. And thus, our chemical doctrine of menſtruums may lead us 
to underſtand all the beſt and greateſt diſcoveries which the art is able to make. 
For, by conſidering the ſeveral claſſes of menſtruums above deſcribed, and 
the proper ſubjects aſſigned to each claſs, with the genuine marks annexed, 
ſuch rules may thence be formed, as will, in ſome degree, enable us to fore- 
tell-the conſequences of applying one body to another; tho*, I judge, we 
ſhall always find, that new and unexpected events will ariſe, in making the 
experiments. It gives me pleaſure to have ſaid thus much upon the 
noble ſubjects of menſtruums ; tho? there is ſtill another article to be conſi- 


dered, under the title of the aleaheſt. 


SECT. X. 
07 the Alcabeft, or Univerſal Mex SsTRUUu. 
\ 


— 


1. PON carefully conſidering what is above delivered, it ſhould ſeem 
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as if all the chemical ſolutions, except a few which are merely me- ;,, alcabeft. 


chanical, are the effect of a latent attraction, and repulſion, betwixt the parts 
of the ſolvent and ſolvend; and conſequently, t the whole action de- 
pond upon a certain relation betwixt theſe two. And hence it follows, 
rom the known rules of the art, that there is no one body, either natural or 
artificial, which can univerſally diſſolve all the reſt. And farther, it ſeems 
impoſſible to aſſign any one phyfical manner, wherein the ſolution of all 
ſorts of bodies ſhould be performed indifferently. But after the elder Hel- 
mont publiſhed his writings, chemiſts had a notion of a certain ſecret men-- 
ſtruum, of which Paracelſus was ſaid to be maſter ; and which, after his 
uſual manner of coining names, he called the alcaheft : and this, if ever 
known to any man, as Helmont ſolemnly affirms it was, muſt be efteemed 
the moſt valuable diſcovery ever yet made in chemiſtry; or any other art ; as 
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being of greater conſequence, and more to be defired than the opher's 
ſtone ; as, by means of this alcaheft, the moſt effectual remedies, and the 
greateſt opulericy might eaſily be procured. This was the judicious opinion 


$ Mr. Boyle, who in vain vp ar hey the greateſt pains and ſkill to find it out; 


yet, in his judgment, he ſcarce ſeems to have believed there ever was ſuch 


a thing, Many eminent chemiſts have wrote largely upon this menſtruum, 


after Helmont, as of a . they knew. Impoſtors have made their advan- 
tage of it, and tricked thoſe out of their money who were to learn the 
ſecret; whilſt the prudent have remained in doubt, without ſpeaking defini- 
tively about it. This has determined. me to give a faithful hiſtorical narra- 
tion of the matter as it ſtands, ſo far as I can learn its hiſtory from the wri- 
tings of thoſe who have treated 7 yes the ſubje&; in order at leaſt to diſco- 
ver the ſentiments of ſuch among them, who declare they have poſſeſſed and 
uſed it. But, I find, that all the later authors have only copied from Hel. 
mont upon the ſubject. As to what Paraceſſus ſays of the alcaheſt, no one 


could have thence thought of ſuch a thing, if Helmont had not intimated that 


a myſtery was concealed under ſo quaint a term. And as I my ſelf do not 
poſſeſs the ſecret, all that I can poſſibly do is only, by a tri examination, 
and exact compariſon of theſe writers, clearly to explain the matter, ſo far as 
I cou'd diſcover it in them; for if they knew ſuch a thing, and defi that 
a careful reader ſhould find it in their writings, I cannot think of a better 
way than this for coming at it. Whoever, therefore, would undertake the 
taſk of preparing ſuch a menſtruum, ſhould know upon what materials, with 
what inſtruments, and in what way to operate, that his labour may not be 
loft. But here it is of the laſt conſequence to prevent being impoſed upon 


by the tricks of ſtrolling alchemiſts; who, with their importunate preten- 


ces, and infinuating addreſs, promiſe they know not what. Theſe vagabond 
alchemiſts may eaſily be detected by any one who underſtands the doctrine of 
Paracelſus and Helmont; which has often been of great aſſiſtance to me, when 
T had ſuch noiſy, ignorant pretenders to deal with. Let us therefore exa- 
mine the matter with care, ae WV 

2. The word alcaheſt is mentioned by no writer, not even among the che- 
miſts, before Puracelſus; who, ſo far as I can find, mentions it only in the 
following paſſage, viz, (a) The liquor alcaheſt has a great effect upon the 
« liver, ſo as to fortify and invigorate it, prevent the dropſy, and all diſ- 
* eaſes which happen to that part. Its proceſs is, to reſolve it, it is 
«* coagulated, and then coagulate it into a tranſmuted form; as its proceſs of 


_ « coagulating and reſolving ſhews. Then if it conquers its like, it becomes 


« a medicine exceeding all others for the liver : and though the liver were 
«* conſumed, this liquor ſerves inſtead of the whole liver, as well as if that 
* had not been conſumed. Wherefore, all thoſe who practiſe phyſic, 
4 ſhould know how to prepare the alcaheft, in order to cure numerous diſ- 
tempers arifing from the liver.“ Faracelſus, therefore, has here only 
ſed the word twice, and does not uſe it in any other place; as I have found 


by carefully examining all his works. Whence no one would. have had any 
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3. The origin alſo of this new cardia; pL by Paracelſus, has been en- It etymolog y · 
— 1 and, as his manner way to diſguiſe the words he uſed, by tranſ- 
the letters thereof, ſome have imagined he here practiſed the ſame art: 
— * ſometimes alſo, joining he initial letters of words, he has form- 
ed — as were unheard-of before: ſa wh as 
a remedy to open the ſpleen, he'calls it when he di- 
rects ſi (which, on account” of its ark called arama 
philoſophorum,) in diſeaſes of the kidneys, it aroph (c): and hence ſome 
have thought, that alcaheſt ſignified the-ſame as alkali ef (d), as if its baſis 
were an alkali, faturated with a acid. Others have imagined, it was 
called alcaheſt from Salt: geiſt, or the ſpirit of ſalt; as ſuppoſing the alcaheſt 
the ſame as the Ciculatum, and from ſea · ſalt, coagulated, reſolved, 
and again coagulated into a tranſmuted form. There are others who ſuſpect 
it is called alcaheft, in alluſion to algeiſt, that ls perfect ſpirit, made by coa- 
gulation, — and a ſecond coagulation; which agrees with the opi- 
nion of Faber, who takes it for a' pure mercurial or metallic ſpirit, ſo united 
to its proper body, as thence to become one in and indeſtructable 
ſubſtance. (e). But, as we can find no certainty the etymology, let us 
paſs on to the fynonymous words; and try if any light can be by com- 
paring them together. 

4. Paracelſus has given us no ſynonyma, that I can find, to the alcaheſt; SHnoynd«. 
but Helmont a confiderable number: and indeed, we have no aſſiſtance in 
this affair but from Helmont, who profeſſes the alcaheſt was given him. 
Helmont, therefore, firſt calls it fimply water, and ſays, he © knew a wa- 
<< ter, which he did not think proper to diſcover, by means whereof all ve- 
< getables might be tranſmuted into a liquor, capable of being diſtilled, 


without leaving any frces behind (F). 1 — he put equal quan- 


<« tities of a certain water and charcoal into a glaſs, 9 he fonmetcall 
<< ſealed, and ſet to digeſt in a bath-heat (g). In this paſſage, he cala 
the menſtruum a thick water (5) z and fays, that in the firſ chapter of 
— book of the Maccabees, mention is made of a thick water, which 

perpetual. fire, and perhaps not unlike his water, In another place, he 


calls K T dif a diflolving water; and fays, the liquor alcaheft is an immutable, diſ- 
eter 1h He comes nearer to the: 1 
account 


. D fire water (K). 
he — his knowledge; he — a ry in which was 


the le term 1g9995-aque, a ſimple, / , undeclinable, immu- 

__ immortal word. . d calls it u latex, or clear water, reduced 

to the minuteſt - poffible atoms () He ly calls it a liquor (n). 

He aſſerts, chat by applying the li . mn 
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be readily converted into water (v); and that, by the infernal fire, which is 
the liquor alcaheſt of Paracelſus, it may be known how much of another lu- 
minary a vegetable poſſeſſes (o). He alſo calls it a diſſolving liquor (ↄ). 
= which ſeems to intimate, that this fecret may exiſt in a moiſt liquid form, 

e water. 2 18 

8. In another place, he uſes ignis Gebenna, or infernal ſire, as ſynonymous ; 
ſaying expreſsly, by the infernal fire, which is the liquor alcaheft of Paracel- 
ſuns (J). And again, in another place (7), native ſand reſiſts both art and na- 
ture, and can by no means be reſolved, — by the artificial infernal fire 
alone; which artificial fire converts {and to falt (s). If Helmont therefore fol- 
lows Paratel/us-in the uſe of this word, we may thence diſcover what the 
word alcaheſt is; becauſe Paracelſus has wrote expreſsly of this infernal fire, 
But more of this, when we come to treat of the alcaheſt it ſelf. 

6. Next, Helmont ſays, it is the higheſt and moſt ſucceſsful of all ſalts; ha- 
ving obtained: the utmoſt degree. of purity and ſubtilty poſſible in nature (7). 
And hence he ſeems to call it the ens primum of ſalts u), the ſal circulatum, 
and the ſal circulatum of Paracelſus (x). And hence the <irculatum majus (), 
the ſal circulatum (⁊), the ſal circulatus (a), and the ſal circulatus Paracelfi (), 
of which he treats in his book de renovatione & reſtauratione. Could we 
therefore here depend upon the fincerity and fidelity of Helmont, we: might, 
from theſe ſynonymous words, and the writings of Paracelſus, attempt to 

diſcover this wonderful menſtruum. 

Jer origin. 5. But, before we enter upon the work, we muſt conſider the origin of 
the aleaheſt; and this, we are told, is no where to be found ſpontaneous in 
nature: becauſe, as Helmont ſays, nature has it not (c); and expreſsly aſſerts, 

that a part of earth may be homogeneouſly reduced to water by art; at the 

fame time ſtrongly deny ing it can ever be done by nature alone; nature having 

no agent capable of reducing true earth to ſalt and water. Nor can it be 
produced, except by chemiſtry alone; which alone hath found a clear water, 

that cannot be tranſmuted, and is reduced to the minuteſt particles poſſible in 

nature (d) ; tho* not by the vulgar chemiſtry, but by the labour of know- 

ledge (e); and this as its ultimate maſter - piece, as he expreisly declares, re- 

peating the word, thus at length, thus at length, I lay, chemiſtry prepares 

an univerſal ſolvent, as its effort” (f). And again, there is not 

in all.chemiſtry a more difficult proceſs than that for preparing the alca- 

heſt ; nor a more operoſe thing in all chemiſtry ; it being not obtainable by 

reading or meditation; but by plenitude of ſcience, doubly confirmed, is a 
knowledge of this o ion to be acquired: whence it is very ſeldom given to 

any one (g). This liquor, therefore, being of a moſt tedious preparation, 

cannot be compaſſed by the human underſtanding, tho' a perſon is ſkilled in 

the art; unleſs the Moſt High ſhould, by a ſpecial gift, put him in prides 
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of it ; as choſen for the e, by a particular privilege, to enjoy it (F): 
God alone being the FA ay it, for —— Linn to the adept cg * 
the origin of the alcaheſt, here delivered by the author, it is plain how 
weakly they err, who fancy they can make it with eaſe: ſuch JOE at 
once betray their ignorance, and falſify their own tumid pretenſions. Nor let 
them think. to ſcreen themſelves, by pretending there are many alcaheſts: 
for Helmont flatly contradicts them, by affirming, that as, in all nature, there is 
only one fire; ſo likewiſe there is but one only liquor which diſſolves all ſolids 
into their firſt matter, without ſuffering any change it ſelf, or diminution of 
its virtues; as the adepts well know, and atteſt (o). And by means of this 
doctrine it is, that I have, with ſafety to my ſelf, been able to keep off nu- 
merous pretenders to ſcience ; ſanguine in hopes, and abounding in promiſes, 
but often proving deceitful, faithleſs impoſtors: for, after aſking them 
a queſtion or two, I ſoon found, by their anſwers, how little they under- 
ſtood of the ſubject they ſo varniſhed over with words. 

8. Let us next conſider the ſtupendous effècts aſcribed to this wonderful 7; «pea; ap- 
ſecret. And firſt, as a menſtruum, it is ſaid to exert an effectual power in or Z ale. 
diſſolving all the known ſenſible bodies, of what kind ſoever; even gold and 
mercury, upon which no other ſubſtance can intimately act. For thus 
ſays Helmont : Or mechanical art has ſhewn me, that every ſubſtance, as 
« ſtones, flint, ſand, gems, marcaſite, clay, earth, brick, glaſs, lime, 

e ſulphur, &c. may be tranſmuted into an actual falt, equal in weight to 
* the body which affords it : and I know how to reduce plants, fleſh, fiſh, 
“ bone, and every thing of the like kind, into their three pure principles. 
« But metals, on account of the equal commixture of their ſeed, are very 
« difficultly reduced to falt ; fo likewiſe is fand (i): for ſand, or original 
earth, reſiſts both nature and art; and will not quit its primitive conſtan- 
&« cy, by the power of either: and it is only by means of the artificial, in- 
« fernal fire, that ſand turns to (alt, and at length to water (#). Again, the 
« alcaheft of Paracelſus tranſmutes all the natural bodies, by ſubtilizing 
« them (). And elſewhere, all bodies are eaſily reduced to water, by 
„ means of Paracelſuss liquor alcaheſt; even fuch as otherwiſe cannot be re- 
« ſolved into their three principles (): and, by its means, all vegetables, 
« even charcoal made of oak, are changed into a liquor, that leaves no faces 
behind, upon diſtillation (n): for one and the ſame liquor alcaheſt, — 
1 fectly reduces all the tangible bodies of the whole univerſe, into their 
„ original life (o). And thus it likewiſe acts upon all poiſons (p). It diſ- 
<« ſolves all things, except it ſelf, as hot water diſſolves ſnow (): even oil, 
« and ſpirit of wine (r); cedar-wood (5) ; all the kinds of elixir proprieta- 
4 fis(t); the ludus of Paracelſus (u); mercury (*); and even gold itſelf (y); 
« which cannot otherwiſe be radically reduced into its component principles 
* by any ſolvent whatever ; as it is much eaſier to make gold t deftroy 
« it, according to the unanimous conſent of philoſophers.” “ 
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1, „ 8. Let us next canfider the manner wherein the alcaheſt exerts its efficacy 


Its effect.. 


| the fame weight. 
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upon the ſubjects. Its power, we find, is always increaſed by fire; tho“ 
only a ſmall degree thereof is required in digeſting, diſtilling, or cohobating : 
for, a coal of oak and the alcaheft being put together, in equal quantities, 
and the containing glaſs Hermetically ſealed ; the ſolution was performed in 
three days time, by digeſting in a bath-heat (z). The ſal circulatum by bare di- 
geſtion, wonderfully e all oil, and ſpirit of wine (a). The alacheft bein 
t to an eqs) weight. of cedar-wood, reduced to chips; and the gla 
icolly ſealed ; the whole ſubſtance of the wood was, with a warm di- 
jon, for a week, changed: to a milky liquor (5). Sometimes, alſo, the 
buſineſs is performed by a fingle diſtillation; for, the liquor alcaheſt being 
once diſtilled from common mercruy, leaves it behind, coagulated and re- 
ducible to powder; but neither increaſes nor diminiſhes its weight: and this 
it does in a quarter of an hour (c). But in other caſes, cohobation is re- 
quired before the deſired effect can be obtained; for, bodies turned into ſalt 
of equal weight reſpectively, are fometimes to be cohobated with the /al cir- 


 eulatumof Baraceſſus, before they depoſit all their fixity (4): eſpecially me- 


tals, and principally gold, by reaſon of the perfectly equable commixture of 
their ſeed (e). But otherwiſe, a ſingle diſtillation of the alcabeft, from the 
ludus or cevilla of Paracelſus; being a ſtone found at the bottom of the 
Scheld near Antwerp; will in two hours convert the whole ſtone into ſalt of 
Nor, do I find any other way of applying this univerſal 
ſolvent ; nor, that a greater force of fire is required: it may therefore diſſolve 
all bodies, by means of a gentle agitation of its own parts, occaſioned by 
fire ; for the alcaheſt may be diſtilled with the ſecond degree of heat of a 
ſand-furnace (f) ; and does not riſe with the tepid warmth of a bath (g). 

9. There has been nothing, in all nature, hitherto obſerved or related 
more ſurpriſing than the phyſical change which theſe authors attribute to 
the action of this menſtruum; as it at once changes the whole body of the 
ſubject into a different maſs, without the leaft alteration of weight in the 
operation, The maſs, after being thus changed, ſeems always to a 
either in a fluid or ſaline form, tho with ſome difference; for 2 filver, 
by the action of the alcaheft, becomes a fixed powder, that 974 8 
and reſiſts a blaſt- heat, and the power of upon the teſt nd al- 
moſt all other bodies are by it turned into an equal weight of ſalt (i). Oak 
charcoal is immediately changed by it, into two tranſparent liquors, diffe- 
rent in colour and gravity (i. Cedar- wood is changed into a milky liquor, 
of the ſame weight, and after wards into two kinds of oil, which by bare di- 
geſtion turned to a pure falt, miſcible with water (!), The ludus of Paracelſus, 
in two hours time, by a fingle gentle diſtillation, is totally converted into a ſalt 
of equal weight, which runs per deliquium in the air, and affords a fluid with- 
out any feces (m). From all which it is plain that this ſolution, tho? it differs 
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always reduces the diſſolved bodies to the form of 1 


at the firſt, yet at | 
falt, ſoluble in water, except quickfilver 3 which, on account of its great purity | 
and fimplicity, cannot be turned to ſalt : whence, it radically refiſts all the 1 
{fible ſeparations of art or nature, and therefore, is perfectly indeſtructible (u). {i 
heſe bodies, therefore, when turned to an equal quantity of ſalt by the 9 
alcaheſt, ſtill retain — ayes virtues depending upon their ſeminal ili 
powers; which con y ure peculiar and incommunicable. This re- 1 
markable pro is deſcribed, w he ſays (e) That the alcaheſt of 9 
* Paracelſus utes all the bodies in nature, by ſubtilizing them: for, "i 
* when bodies are ſubtilized as high as poſſible, they at length change to 4 
another ſubſtance, but retain their ſeminal properties (p) : and by means | 
© of the univerſal ſolvent all things are brought back to their Ens primum, 
© and retain their native virtues ; whence and unlimited ers may 
be obtained.” And plainer ftill (q); This liquor only, can diſſolve all ſolids 
into their firſt matter, without any dinunution or alteration in itſelf.” * 
Whence he recommends the knowledge of that homogeneous and im- 
* mutable menſtruum, which diſſolves its ſubjects into their firſt liquid mat- 
0 — * the internal eſſences of things, and their properties, may be 
© ſeen (7). | | 
_ y this means, Nagy 2 "re — a — volatile, 
nee, containi ing ſpirit of each ſubj ively z which 
ſaline matter — —— mixed with all the —_— fluids, and. 
circulate with them thro? all the veſſels thereof, fo as every where in its paſ- 
ſage to exert its peculiar virtues upon the body. Whence, ſuch ſubſtances : 
have been called potable; and thus, for example, by potable gold, the adepts - 
underſtood gold reduced to ſuch a ſaline body; tho* they have only boaſted - 
themſelves poſſeſſed thereof, either thro? vain- glory, or the ſpirit of delu- 
fron, Gold diſſolved by acids, is no more than a liquor containing unaltered | 
particles of that metal ; but the aurum potabile of the philoſophers, is of equal. 
weight with the gold employed, without the admixture of any menſtruum, 
and, only the pure, firſt matter, or ens primum of the gold itſelf (s). 

11. The moſt extraordinary thing belonging to the alcaheſt, is ts being 
capable of diſſolving bodies, without mixing itſelf among them; but, re- 
maining perfectly ſeparate from all their particles, without increafing or di- 
miniſhing the weight of the ſubſtance diſſolved; as plainly appears (7) hence, 
that oak-coal was, with a bath-heat; diſſol ved by it into two diftin& liquors 
of different colours and properties, and thus came over by diſtillation, leav- 
ing the folvent liquor behind, of the ſame weight as at firſt: for, he found . 
no body, whereto the alcaheft would unite z being itſeif a — ſub- 
ſtance, reduced to the ſmalleſt poſſible 2 z and, therefore incapable of 
all fermentation and admixture (); . its effect by a bare 
external action, and not concreting with the body it changes : as, the pureſt 

tire acts upon its objects; or, as hot water diflolves ice (x). For this liquor 
leaves no part of elf mix'd with the body diſſolved (). 
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12. Hence, the alcaheſt appears to have two extraordinary properties, 


with reſpect to all other menſtruums; viz. (1.) That it does not act by at- 
traction, or repulſion, but entirely by a certain mechanical force ; contrary to 


all other of the known menſtruums, unleſs perhaps, we except fire. (2,) That 


it conſtantly preſerves all the native virtues of the bodies it diſſolves; and 
yet, when it reſolves poiſons it deprives them of their virulence, or noxious 
quality, and endows them with the higheſt medicinal virtues, by reducing 
them into their firſt matter (z; ; which is extremely difficult to underſtand. 
13. When the alcaheſt has thus reduced all bodies into their ſaline and 
volatile ens primum, ſo as to retain their reſpective native virtues 3 if the ſub- 
jects be farther urged, by the action of the ſame ſolvent, they loſe. their ſa- 
ine nature, and all their proper ſeminal virtue: whence, all theſe different 
ſubjects are reduced to the ſame indolent, ſcentleſs, inſipid, ſimple, ele- 
mentary water : ſo that, by applying this ſolvent too long, the former ex- 


* cellent productions are deſtroyed. From hence, at the ſame time, it ap- 


rs that water muſt thus be-the ultimate matter of all tangible bodies; the 
alcaheſt itſelf being unable to act any farther upon this water: which, how- 
ever, being again impregnated with what ſeed ſoever, may thus paſs into 


any new kind of body. 


14. The author expreſſes himſelf thus: All bodies, we ſee, are tranſ- 


-< mutable.into an actual ſalt, equal in weight to the original ſubject; which 


* ſalt being ſeveral times cohobated with the al circulation of Paracelſus, 
© loſes all its fixedneſs, and tranſmutes into a liquor, which at length be- 


comes infipid water, equi- ponderant to the ſalt that afforded it (a). Native 
< ſand-turns to ſalt, and at length to water, by means of the artificial, in- 


* fernal fire, and by no other (5.) I know a water, by means whereof all 


vegetables are changed into a diſtillable liquor, without — any fæces 


Its immula- 


at the bottom of the glaſs; and this diſtilled liquor is totally 


uced, with 
© alkalies, into infipid, elementary water (c). Oak-coal converted into two 


liquors by the alcaheſt, riſes by diſtillation, with the admixture of a little 


* chalk, nearly of its original weight; and has all the properties of rain- 
water (d): and, thus all things become ſo volatile, as to riſe with a bath- 
heat ; leaving the alcaheſt behind at the bottom (e). 

15. It appears — ſtrange, that this menſtruum, which has ſuch 
wonderful effects upon all forts of bodies, ſhould never be in the leaſt di- 
miniſhed, altered, or impaired by them: in which reſpect, it truly reſembles 


fire; whereto it may, therefore, juſtly be — Thus the author 


clearly ſays, that, it acts upon all ſublunary es, without being acted 
upon (J). And when it had ſo wonderfully diſſolved the oak- coal, it re- 
mained at the bottom, ſtill of the ſame weight and virtue (g). Accordingly, 
no tranſmutation of the alcaheſt is to be expected ; becauſe there is no other 
body it can join or ferment with : whence, it never dies (h). With its utmoſt 
action, therefore, it reduces all tangible bodies into a middle life; without 


ſuffering any change, or diminution of its virtues (i). It is, therefore, my 
- 


(#) P. 374- $+49- (0 p. 43. f. 11 6. 24. p. 634 ) p. 48. KU 16. 
(6) p. 48. . 15. (c] p. 88. f. 27. © p. 88. } 29. P* 54+ J. 27, 28. 
% p. 88. f. 29. (e p. 88. 9.29. p· 380. „ p. 265. J. 11. EY 
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table and immortal (c). It is the only ſubſtance not altered by action (H. 
It acts, therefore, without ſuffering re · action, or being itſelf weakened (n). 


For, it is an homogeneous, and immutable diſſolvent (). And remains nu- 


merically the ſame in weight, and virtue; as well after being a thouſand 
times employed, as after being but once uſed (o). 


16. It is farther to be obſerved of this menſtruum, that it has a wonderful 7s volatility. 


degree of fixedneſs, or volatility, in the fire: for, after it has rendered all 
bodies, even thoſe of the moſt fixed kind, fo volatile as that they may be di- 
ſtilled over with a bath- heat; yet itſelf does not riſe with them, but re- 
mains fixed at the bottom (p). At the ſame time, the alcaheſt is ſo volatile, 
as with the ſecond degree of heat in a ſand-furnace, to riſe by diſtillation, 
along with the bodies it had diſſolved (q). Whence, it may de drawn off 
from common mercury, thus fixed, and coagulated (r). And from hence, 
we have the exact limitation of the ſmall degree of heat, wherein the full 
power of the alcaheſt is exerted upon all the bodies in nature. 


17. We muſt farther obſerve, that tho? the alcaheſt be inſeparable by all Its equal. 


other bodies, and ought never to be impaired ; yet there is one ſubſtance in 
nature, wherewith it may unite. This plainly appears from conſidering the 
following paſſage of the author (s). * Chemiſtry is anxious to find a body of 
ſo great purity, as not to be diſſipated or corrupted ; and at length the art 
* was aſtoniſhed upon diſcovering an aqueous liquor, which being reduced 
to the minuteſt atoms poſſible in nature, would not unite with any ferment; 
© whence, its tranſmutation was deſpaired of, as not finding a. body more 
noble than itſelf, wherewith to join: but, the labour of philoſophy made 
an anomalous thing in nature, which without mixing with any ferment, roſe 
different from itſelf, This ſerpent biting itſelf, recovered from the poi- 
« ſon; and was, thence, immortal.“ 1 
18. Whence, we ſee, that here was a certain conjunction of two things, 
however different they might be. This appears more plainly, and di- 
ſtinctly (t) where he ſays, that one and the ſame liquor alcaheſt, per- 
fectly reduces all the tangible bodies of the univerſe, into their firſt life, 
without ſuffering any change itſelf, or loſs of virtue; being only ſubdued 
and changed by its equal. In another place he comes nearer to the point (u), 
where he ſays, that, mercury freed from its original ſulphur cleaving to its 
innermoſt part, is immutable in the fire, and immediately conſumes all othe 
ſeeds, except its equal. | 


19. Thus, I have given a faithful account of the alcaheſt, upon the credit Its matter, 


of Helmont; and do not remember, that I have any where elſe read of ſuch 
a thing; which is not ſpoke of by the ancient philoſophers, r or 
other chemiſts, tho' it be the moſt deſirable particular in all phyſics. It 
will, therefore, be expected I ſhould ſay ſomewhat of the matter it is to be 
made from. And, I muſt own that I have tried an incredible variety of ex- 
periments to this purpoſe ; and have ſometimes repented of and deteſted the 
labour. = N . | 


E e e e 20. 
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The circula- 
tum minus. 


The circula- 
tum majus. 


ercury and 


r vecom- 
mended. - 


water contained in the ſalt, and the metallic water contained in the mercury, 


- eulas. In tractatu de fale, c. 4. In correftione (5) p. 576. 


The Theory of CurMisTaY. 

20. Paracel ſus had a li procured, by a moſt tedious proceſs of cir- 
culation, from ſea-ſalt, wh in nature has placed the — perfection. 
This falt he, by incredible induſtry, reduced to a perpetual oil, and calls it 
the Exs primum of ſalts: the oil of ſalt, the liquor of ſalt, the water of ſalt, 
the leſſer ſal circulatum, and the leſs circulatum (w). The preparation of the 
ſal circulatum is troubleſome, tho? clearly deſcribed ; excepting that one can- 
not ſay what kind of ſpirit of wine is here directed, to ſeparate the impure 
from the pure. This preparation perfectly correſponds with what Helmont 
ſays 3 viz. that the ſalts of bodies, ſeveral times cohobated with the /a/ 
© circulatum of Paracelſus, turn to water (x).“ And, hence, he aſcribes the 
virtues of the alcaheſt to the Ex, primum of ſalts ()). He farther declares 
that all poiſons are deſtroyed by the ſal circulatum (z). Hence, he calls it the 
higheſt and moſt ſucceſsful of all ſalts z which being brought to the utmoſt 
degree of purity, and ſubtilty, pervades all bodies, and readily diſſolves them 
itſelf remaining unchanged in the action (a). This ſal circulatum has a 
wonderful effect upon oil and ſpirit of wine (4); and reduces bodies into 
the liquor whereof they were concreted (c). He alſo ſays, that the /udus 
may be prepared with it (a). 

21. But, Paracelſus had another folvent, much more powerful, and 
much more difficult to be obtained, than the circulatum minus; whence he has 
called it the circulatum majus (e). He appoſitely terms it the matter of 
mercurial ſalt : and thence, likewiſe calls it the living fire (F). Now, he 
acknowledges that the higheſt fire, and celeſtial life, lie hid in common 
mercury: and ſays, the quinteſſence of mercury is celeſtial fire, if diſſol- 
ved with its parent, or the ſecret of ſalt (g). When, therefore, theſe two 
are intimately combined by a true union, and brought to a high degree of 
purity, ſubtilty, and volatility, they ſeem to make that wonderful mercurial 


water, which he deſcribes in his chapter of the ſpecific ſolvent ; where, he 


fays, that gold dies therein, ſo as no longer to remain gold: whereas, in 
other ſolutions of that metal, it is only minutely divided, and till remains 
© true gold; being always eafily recoverable, in its priſtine form, upon re- 
© duftion.* By this means, therefore, there is a perfect union made of water 
with water: for, here are two kinds of water employed; viz. the common 


tho? they both are ſuppoſed to have the ſame origin. 

22, All this ſeems to have been underſtood in our ſenſe by Helmont; as ap- 
pears by the following paſſage (. The internal mercury of metals, puri- 
© fied from all its metallic ſulphur, remains every way undiſſolvably united; 
© ſo as radically to ſuffer no diviſion, either by nature or art. Nor, ſhould 
© ] ever have learnt the nature of water, had it not been for the correction of 
© Mercury's wand; whereby I find'the nature of mercury adequate to that of 
© water: for mercury contains no earth; but is conſtantly produced by water i)” 


(w) Lib. IX. Archid. in remedio ad ma- (z) p. 374. 6. 49- ry 2 5.24 
c 28. 
& additione. L. de Renovat. Atchidox. IV (4) p. 700. F. 23. ( xrchidax, X. c. 4- 


c. 4. Efentia de ſalibus. Archid. I. VIII. Archidex. X. c. 5, ö. 
C. de elixire ſalis. Quintz eſſentiæ extraftio ) Archidox. X. c. 17. 
è ſalibus. Archidox. X. c. 2. {© p. 556. „8. J p. 56, 705. 5. 10. 


(x) P. 43. §. 11. 0% P. 419. 
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Again, if I had not, with all the ancient alchemiſts, ſeen that quickſilver 
* eluded all the ſkill of artiſts ; ſo as either totally to evaporate in the fire, or 
totally to reſiſt the utmoſt violence thereof; and in both caſes, remain 
4 — or identically the ſame primitive, homogeneous ſubſtance, I 
© ſhould ſay that the art was falſe 3 which, on the contrary, I find to be true: 
© ſo that, what is above, reſembles what is below; and, vice verd. And, 
hence, it is perfectly impoſſible, either by art or nature, to find a diverſity of 
parts in the homogeneous ſubſtance of mercury; even the alcaheſt itſelf can 
not do it: for mercury is more ſimple than gold, and more identically, and 
* more equably compoſed : whence, mercury is nearly as indeſtructible as the 
elements themſelves ; ſo that all ſublunary things are too weak to ſubdue, 
« penetrate, change, or contaminate pure mercury; which remains un- 
touched in the air, in fire, and in corroſive liquors : for it is not touched, 
much leſs penetrated by any diſſolvent; and, therefore, there is nothing 
in nature, like to this pure mercury, by mapy degrees (H). It is hence like, 
© and nearly — —— to the Ens primum of metals (0. And exiſts actu- 
ally fimple, and not as a conſtituent part of bodies (m). And for all theſe rea · 
* ſons, we know that it only can be ſubdued and changed by its equal alone (a). 
* Becauſe this anomalous production in nature, riſes without any different fer- 
ment mixing with it; but biting itſelf, it recovers from the poiſon, and 
* afterwards proves immortal (o). 2 8. | 

23. And, this is all the hiſtory I can give of the alcaheſt of Paracelſus, and 
Helmont, faithfully extracted from their own writings : whence, it is eaſy to 
ſee, that this menſtruum is not to be ſought for in human urine, or any pro- 
ductions thereof; nor, in tartar, or any of its preparations: though a ſubſti- 
tute may hence be had for the principal (p). Nor can phoſphorus be ever em- 
ployed for this purpoſe; as being repugnant to the properties above laid down. 
Glauber was miſtaken, when he ſought the alcaheſt in the fixed alkali of 
nitre : and, Zwelfer, when he ſought it in the ſtrong ſpirit of vinegar, di- 
ſtilled from verdigreaſe. Ro{finkius had no juſt notion of the thing, when 
he ſuppoſed it to conſiſt of the fixed alkali of tartar for its baſis, joined to an 
acid of the mineral, vegetable, or animal tribe: for, ſalt of tartar with the 
vinegar of antimony, makes only the tartar of vitriol; with vinegar, from 


wine, a tartarus tartariſatus; and, with acid whey, only a better fort 


of the ſame: nor does the addition of fal-ammoniac much alter the matter (g) 
But, no one ſeems to have better underſtood the meaning of Paracelſiu 
and Helmont, in deſcribing the alcaheſt, than Petrus Johannes Faber, in 
his manuſcript upon alchemy, ſent to the Duke of Holſace, and publiſhed in 
the German Ephemerides (r): where there is a remarkable co tion of 
my opthion, to the following e. The liquor alcaheft is a pure 
mercurial, metallic ſpirit, ſo cloſely connected to its own natural body, that 
theſe two become one inſeparable, indeſtructible ſubſtance, W 
things, and turning them into their firſt matter. It is a true philo- 
ſophical mercury, choſen from the mineral kingdom, and joined with its 
Ee e e 2 oon 
(J p. 670. 617. Hos. 
275 8 4 4 17. 2196. 


(0) P. 94. 5. 28. (7) p. 780. 5. 25, 26. * . Germ, D, 11; 4 8. A. p. 


(g) See Eph. Germ. D. 1. n= 6, 7. p. 193. 
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own pure body; whereby it becomes an inſeparable, milky, butyraceous 
liquor; which penetrates and diſſolves all things: it is of two kinds, ſimple, 
and compound ; the fimple is made of a pure metallic acid, and a pure me- 
tallic ſalt, rendered volatile with its own ſpirit. It is very difficult to prepare: 
but the compound ſort is, ſtill, much more difficult; being made of a mineral 
acid, and the pure ſaline matter of animals and vegetables. The liquor alca- 
heft, or the pure, philoſophical mercury, is an incorruptible, and unalterable 
fire of nature, that reduces all things into their firſt matter. The induftrious 
Becber is nearly of the ſame opinion, where, in his book de ſubterraneis, he 
fays, he diſcovered in ſea · ſalt, a certain arſenical, and mercurifying power 
which, when ſeparated 2 would be the alcaheſt; tho' a very different 
thing from the philoſophical mercury: and, hence, he takes mercury, for a 
ſulphureous metallic ſubſtance, which of itſelf would be ſolid; but that, it 
receives all its fluidity from the arſenical ſulphur of common-ſalt. This is a 
ſubtile inſinuation; and I wiſh he had given it fuller. His argument runs 
thus: the pureſt quickfilver being diſſolved in ſpirit of nitre, and precipitated 
with ſpirit of ſea-ſalt, becomes volatile, and diſpoſed to part with its mercury 
eaſily 3 conſequently, ſea-falt may convert the pureſt metals from their own 
nature, into true mercury. 

224. It may here be expected I ſhould declare my ſentiments, whether any 
chemiſt was ever in poſſeſſion of the alcaheſt. I anſwer frankly, that Helmont 
complains the phial of it, once given to him, was taken from him ; whence 
it is certain, he could not have made many experiments with that liquor: 
and as for Parace!ſus, he does not deliver ſo many, and ſuch remarkable 
parti of his own ſolvents ; ſo that, I know not what to ſay upon the 
whole matter. Thus much I can truly ſay, that if any one will treat ſea- 
ſalt, and mercury, in every chemical way (which I would adviſe to be done) 
he will have no cauſe to repent of his labour. 


Of the CHEMICAL APPARATUS, and VESSELS. 


Feels, what, I. I S the whole of chemiſtry is employed in producing and obſerving 
; A the changes of bodies ; and, as theſ. changes are principally brought 
about by the application of fire; hence, in the practice of the art, there is 
an abſolute neceſſity of uſing proper initruments and veſſels ; without which, 
no operation could be 8 By veſſels, I underſtand all thoſe hollo“ 
bodies wherein any fu Jer to be chemically changed, or already changed, 
Taftruments, às alſo the changing ſubſtance itſelf, or ſolvent, is contained. And by the 
what, name of inſtruments, I underſtand all thoſe bodies, which have ſuch a firm- 
neſs, ſize, and figure, as render them fit to apply the changing cauſcs to 
the ſubjects, ſo as thereby to excite a determinate motion, according to the 
rules of the art; and, at the ſame time, enable the operator to manage and 
regulate theſe cauſes, as well as the ſubjects to be altered. And indeed, the 
The furniture the whole chemical apparatus confiſts of bodies changed by art, of chang- 
of a ldbora- ing cauſes, of veſſels, inſtruments and chemical productions, in order to fur- 
r. nh a laboratory properly. BY: F 2. 
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2. The veſſels employed in chemiſtry ſhould be capable not only of con- Reguifites is 
be changed, but alſo of ſuſtaining or reſiſting the acting the veſſels. 


taining the ſubject to 
cauſes, and the fire applied, fo as not to fail whilſt the operation is in hand: 
whence, conſequently, theſe veſſels ſhould be ſtrong, and not ſubject to be 
fouled or damaged: and ſuch we may call containing veſſels. The other 
ſort, which receive the bodies already changed by the action of the proper 
cauſes, being almoft conſtantly ſeparated from the ſubject, by means of fire 


acting upon it through the containing veſſel, may be called by the name of 


receiving veſſels. 


3. In both theſe kind of veſſels, we are chiefly to regard their matter, Their matter. 


and their figure. As to their matter, it is either of wood, glaſs, metal, or 
earthen- ware. The wooden veſſels, made of dry wood, not abounding with 
dil, and not painted or varniſhed, are eſteemed the beſt for _— falts, 
or ſaline bodies, or bodies that have been calcined z provided the veſſels are 
dry, and kept cloſe covered: for thus ſuch,ſubſtances may be well preſerved, 
which, in all other veſſels are apt to relent with the moiſture of the air. And 
mortars, or diſhes made of turned wood, are properly uſed for grinding 
and waſhing the amalgams of metals with water; for which purpoſe 
they are preferable to all others: and, being rubbed on their infide with 
Chalk, they are uſeful in reducing melted lead, and tin, to powder; but we 
ſeldom uſe them for other purpoſes. 


4. Glaſs-veſſels are excellent; as neither changing, adding, or taking 0fg/a/. 


from the bodies they contain ; and ſuſtaining the fire, without ſuffering any 
thing to enter, or get out at their pores, except fire and the magnetical vir- 
tue; ſo that they retain even the alcaheſt it ſelf in digeſtion. And hence, 
in every chemical gperation and experiment, glaſs-veſſels are conſtantly to 
be uſed, where no greater heat is required, than glaſs can ſuſtain without 
melting. And as the green German glaſs ſoils bodies the leaſt, is the ſtrong- 
eſt, and bears fire the lungeſt without melting, ſuch glaſs ſhould be prefer- 
red before any other kind; eſpecially before the white cryftalline glaſs, which 
eafily cracks, melts, or lets go its alkali, whereby it might communicate 
that alkali tc the tule&t: whereas the ſtrong green glaſs ſuſtains above fix 
hundred |2grees of fire without melting; though I have brought it to melt 
in the ſtrongeſt heat of a ſand- furnace. Whence I wiſh that Helmont had diſ- 
covered his coating, which, he ſays, would prevent glaſs from melting in 
the ſtrongeſt naked fire of a wind- furnace; ſo that he could diſtil highly- 
rectified oil of vitriol in a glass. veſſel while this coating neither crack*d, fell 
off from the veſſel, nor vitrified too much: for thus, he aſſerts that the glaſs 
was cemented internally with the coating, in the utmoſt violence of fire (a). If 
we had this ſecret, almoſt all the chemical operations might be ormed 


in glaſs ; but I am neither acquainted with any ſuch coating, nor have found Q 


any perſon that was. 


are corroded by ignited ſalts, which are hence either rendered impure or loſt 


U See Helmont, p. 107. f. 19. 


5. Of all the metals, iron is the hardeſt to melt; whence many chemical veſ- Of 
ſels are made of iron. But all metallic veſſels have theſe two defects ; that they 5 
5. RF, 


The Theory of CHRIST RV. 
And that they melt ina ſtrong fire. I directed iron-retorts to be made of caſt 
iron, in order to diſtil the phoſphorus of urine z but found they melted in 
the fire, long before the phoſphorus would come over. 
Of earth, © 6. Upon account of theſe defects in iron-veſlels, others have been for- 
-med of different earths, for chemical uſesz but theſe alſo, when made of fat 
-clay-like earth, vitrify in a violent fire, and fail in the ion. The beſt 
-pottery, for the purpoſe, is that made of a more dry and hungry earth, as 
the Heſſian, and the matter whereof crucibles are formed, which reſiſt a vio- 
lent fire: but, being porous, they ſuffer ſaline matters to tranſude, eſpecially 
when acid ſpirits are diſtilled in them, From hence we may ſee, what kind 
of veſſels are required for every operation reſpectively. Thus pure aqueous 
iquors, and perfect ſpirits, produced by fermentation, may be diſtilled in me- 
tallic veſſels ; whilſt vegetable ſpirits, of the acetous kind, may be diſtilled in 
veſſels of , or ſuch as are tinned : but other faline liquors require veſ- 
ſels of g Worms, uſed in the diſtillation of acid liquors, are made of 
tin; but the ſtill-heads, for the reaſons above-mentioned, are always beſt 
made of glaſs: Earthen veſſels are only neceſſary, where the utmoſt force of 
fire is required ; and then, to prevent exudation and cracking, they ſhould 
always be coated with a proper luting. 
7. Hence, therefore, e any chemical operation is begun, we are firſt 
to conſider the ſubject to be operated upon, and the degree of fire required 
in the operation, in order to determine what kind of veſſel to uſe: but, 
where the choice is free, we ſhould always —— — of a end, on account 
of obſerving the appearances and changes which happen to the ſubject in the 
proceſs ; which, Uladdes the pleaſure of it, has great uſes both in chemiſtry 
and natural philoſophy : as thus we may ſee the cauſe of numerous phæno- 
Indian earth- mena. There is alſo a grey kind of potters-clay, that comes from the Zaft- 
en veſſel. Jndies, a ing like porcellane, and being perhaps a ſpecies thereof, It is 
there made into large and ſmall veſſels, in order to — their com- 
modities, and export them ſafely, Theſe Indian veſſels fre not diſſolved or 
corroded by acids ; and are therefore often uſed by the makers of agua-fortis, 
as proper receivers for acid ſpirits. 
The ſures of 8. All veſſels, of whatever matter they conſiſt, may have a great variety 
5 5 _= of figures; the principal whereof, for chemical . are the following. 
ien, The glaſs- veſſels which I beſt like for preſerving volatile liquors and falts, are 
ſuch as have a cylindrical form, with a flat internal bottom, and a narrower 
cylindrical neck, that may be exactly cloſed with a glaſs- ſtopper; which the 
more ſurface it has the better, ſo as to come in contact with the whole inter- 
— ſurface of the neck. The ſmall glaſſes, — od which liquors are to be 
ropped, may be bellied, and have a cylindrical neck, widening, and ſome- 
Sar Slave IX. what hollowing at the top. They may be ſtopped with a © As or with 
wax, if they contain volatile acid ſpirits. 


Felt 9. The veſſels for chemical operations, and eſpecially for diſtillation, muſt be 
- of different figures, according to the end propoſed to be anſwered : and on 

two kinds of veſſels are here required, one to contain the body to be changed, 

and to which the fire is applied; the other to teceive the parts ſeparated - 

q to. Tas at Te 6 
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the ſubje& by the fire, and which is always deſign'd to be cooler. When 

only the fixed part of a ſubje& is required, after the ſeparation is made by Cracibles and 
the fire, the figure of the veſſel is commonly that of an obtuſe conoid, with its ling pots. 
baſe at the top, and obtuſe apex at the bottom; whence this conical figure ges plate I. 
may be varied till it comes to the hollow ſegment of a ſphere, Thus cru- fy. 4- 
cibles and melting-pots reſemble cones; whilſt roaſting or calcining diſhes re- 

ſemble hollow ſegments of a ſphere, It is a rule for the figure of theſe veſ- 

ſels, that the lower and wider they are made, the more eaſily the volatile 

matter flies from the fixed ; and that the fire is applied to more of the ſurface, 

both of the whole ſubje& and its fixed part: whence we always make choice 

of low and wide veſſels for calcination, 

10. But when the volatile part of a ſubject is required, as well as its fixed Di/i/ling ou, 
part, and both muſt to be had ſeparate, the containing veſſel may be of three cli. | 
different figures; viz, cylindrical, conical widening upwards, or conical . XII 
again, but widening downwards, Cylindrical veſſels only keep bodies from NV. I. 
flying off ſide-ways, without otherwiſe hindering or aſſiſting their riſing u 
wards; whence the only variety here ariſes from the different height of the 
ſides. The talleſt cylindrical veſſels are required in order to ſeparate the 
moſt volatile parts from the leſs volatile; and the loweſt to ſeparate ſuch as 
are almoſt fixed, from thoſe that are quite fixed. But when veſſels riſe from Evaperating 
a narrow bottom, and gradually. widen upwards, as in hemiſpherical diſhes, II. 
it is plain from hydroſtatics, that all the points of the hollow basis would ſu- 
ſtain a little column of liquor, whoſe height reaches from each point to a cor- 
reſponding point of the ſurface, perpendicularly over it; whence theſe co- 
lumns are always the ſhorter, the nearer they approach to the edge of the 
veſſel, and vice verſa ; ſo that a widening greatly aſſiſts the riſing of 
volatile particles: and hence exhalation is the ſooneſt performed in ſuch veſ- 
ſels. 

11. And hence we may have the notion of a retort z which is a kind of Rerorts. 
hollow ſphere, ending in a cylindrical neck, whoſe upper horizontal line 


is a tangent of the ſphere in its upper apex; whilſt the lower line of the neck = Plate X. 


is a diameter of the ſame ſphere, parallel to that tangent: whence ſuch a re. om" 
tort eaſily determines the riſing volatile particles into the cylindrical neck, and 
thence into the receiver; after being ſomewhat confined and beat back by the 
arched part of the veſſel. And this kind of retort is adapted to the 
tion of very fixed parts, from thoſe that are quite fixed; as we ſee in the di- 
ſtillation of oil of vitriol, ſpirit of nitre, ſpirit of ſalt, c. The glaſs-men 
commonly bend the neck of the retort downwards, and draw it into a coni- 
cal figure, open at the end; in order that the vapours, riſing into the wideſt 
part of this neck, may thus ſpontaneouſly fall downwards, condenſe and 
diſtil into the receiver : which ſhews us the reafon of the common form of 
the retort. | 
12. But in low diſtillations, where the ſtrongeſt fire is, for a long time, re- Bef Kind of 
quired to raiſe ponderous particles, I uſe cylindrical veſſels, placed horizon /eng-nects. 
tally, with their upper, horizontal part opening into an horizontal neck; by Ser plate x. 
means whereof the diſtillation of phoſphorus, and other bodies which * 
4 ; with 
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with difficulty, is commodiouſly performed. And when I large 
quantities of oil of vitriol, or other foſſil acids; inftead of * 
uſe cylindrical earthen bodies, or long-necks, with wide cylindrical mouths: 
which I find to be an advantageous way of diftilling the mineral acids ; for 
by inſerting hollow cylinders into the mouths of theſe veſſels, and applying 
large glaſs-receivers horizontally to the other ends, and Juting the junctures, 
I thus diſtil with ſafety. And hence, I conceive, I have ſufficiently given 
the foundation for aſſigning the different figures of veſſels uſed in diftillation ; 
the .rule whereof comes nearly to this, that the more difficultly any ſubje& 
riſes in diſtillation, the more it requires the figure. and accommodation of 
the veſſels laſt- mentioned. | 

13. But if the matter to be ſublimed is ſo volatile as eafily to riſe and 
ſeparate from. the to be left behind, whilſt the two do not greatly dif- 
fer in volatility, then veſſels of a contrary figure are required. And ſuch veſ- 
ſels are thoſe conical ones, called bodies, matraſſes, or cucurbits, and made in the 
form of a Hercules's club. The antient alchemiſts, as Lully and others, fre- 
quently call theſe veſſels by the name of urinals. It is eaſy to underſtand, by 
the figure, that the liquor, raiſed by the fire in theſe veſſels, muſt ſtrike a- 


gainft their tapering ſides, and thence the aſcent be hindered, and the liquor 


beat back to the bottom again; ſo that if any thing riſes difficultly, with this 
degree of fire, it ſeldom aſcends high; but is rather kept low in the glaſs. 
And here alſo the wider the bottom is, with reſpect to the orifice at the top, 
through which the diſtilled liquor is to paſs, the diftillation will be performed 
more Towly z ' whence only the more volatile part can by this means be ſepa- 
rated from the leſs volatile, The height of theſe veſſels is alſo to be regar- 
= as the taller they are, the more difficult it is for the leſs volatile parts to 
14. From the conſideration of theſe three properties an excellent contri- 
vance has been deduced ; by means whereof a large quantity of fimple or 
compound alcohol may be obtained, with little labour, fewel and expence, 
Thus, for example, if a conical tube be made of pewter, fix inches wide 
in the baſe,” and one inch wide in the vertex ; and this tube be bent at the 
height of four feet, ſo as to make it return downwards in a cylindrical tube, 
with'a part at the end fit to enter the orifice of a worm, fixed in its worm- 
tub, we ſhall here have a proper head for a cucurbit, charged with brandy, 
and ſet in boiling water; whereby a very ſtrong ſpirit may be obtained at 
one operation: and upon repeating the proceſs twice or thrice, this ſpirit is 
reducible to alcohol. | 
15. And hence alſo we may clearly conceive the nature of a chemical phial, 
which is a ſpherical glaſs, with a long cylindrical neck open at the top; it is 
commonly called a bolt-head, and has confiderable uſes in chemiſtry, eſpe- 
cially in performing the more ſubtile operations : for as the neck of this glaſs 
may be of any length, and may have its cavity in any proportion to that of the 
belly; hence any degree of reſiſtance may be procured with reſpect to the li- 


quor contained in the glaſs ; ſo as to ſuffer ſcarce any thing at all to eſcape at 
the oriſice, in a gentle digeſtion, And I have obſerved, in this Kind of glaſs, 


that 
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that the weight of the nteolphere preſſi upon the. hollow ts 
quors ah atone contained i "i he iy, 


neck, ſu ly confines the 
1 y the fire; bus, a 45 f cork, * 2 rium to. f 
force of the kanbrs endeavouring to riſe 3 and at Sr 2 ti me, ropping 
the mouth of the bottle. For the air in fart rates bythe 
heat of the fire applied, and thus N % by Zn column 
of the Ed it ſuffers an-equal reſiſtance fm dy tee "that go- 
lumn: whence, the particles of the fluid, contained im this rarified air, are 
repelled to the bottom of the YI; where, being agitated by the fire, hey 
are more ſtrongly applied to the 22 at the bottom ; as appears to the 
eye, when alcohol, contained in ſuch a or wh with a very NG neck, is 
carefully ſet over the fire; where, when uor nearly begins to boil, 
a fume is perceived to riſe in the cavity of te 17 Tie to be driven 
downwards again, in the form of a Aeg By this contriyance, 
therefore, menſtruums may be excellent! ge wo Wer ſubjects, with- 
out any ſoſs either of the ſolvent or ſoſven I this contrivance hath 
Wen to perform numerous experiments, which 1 could got othetways 
have 8... 111 
"16. Thele tall phials, a, are extremely uſeful in ſeparating pure volatile | 
alkaline ſalts and pay irits, from water, oll, and volatile earth; Which might 
otherwiſe prove * ifficult taſk. . But, they are ſubje& to one inconvenience z 
far, wht very tall, the liquor will remain boiling hot at the bottom, or not 
be able to fiſe ſo high as the top, whence the upper part of the neck will re- 
main cold, whilſt the lower part thereof is ſtrongly heated; fo that, if the 
hot vapour riſes ſuddenly into the cold part of the neck, the glaſs flies to 
ieces, eſpecially in winter, or froſty weather. So likewiſe, if any aqueous 
2 are collected in the upper cold part of the neck, and fall down ſuddenly 
upon the heated parts lea a the veſſel will burſt to pieces: as I have 
often learnt tomy coſt; e , upon digeſt iekfilver in ſuch veſſels. And 


this may be ſufficient to ſhew what effect d con tion of veſſels will have; . 
and the neceſſity there is of a orm, to produce particular cffegts, P 
17. Receivers, they e e of ton. bref. of, WOE) 0am 


Se SN 
I, me, e latter as Ks at, 
greater diſtance (from theorifice.of the retort 3 whence, it affords a-caoler. 
br ty the diſtilled liquor to condenſe in; as I have always found. And 
there is frequent occaſion to inereaſe this diſtanee between enen 
— by the interpaſition of cylindrical ,tubes, or adapters ; be 
we mentioned abovg. And in the more artifigialinds of diſtillation, ah = 
— that ee it is neceſſary to ule ſeveral Sib adop- | 
betwwxt the notgt and yay NS 
3 Alembic- 


| 9 The retorts and receivers deſcribed ate ſutitien 
with — — kinds of dit laden: Where 4-44. 
oy ery volatile ſubſtances are to he ſepagated from ,oqhers, but little, n 


tile. And as extreme e ſußſtamoes ate often reqiretl to be diſtilleg ;/- 1 
very tall and erect v muſt neceflauy be employed. and gourd; wath. OY 
CI, Hence, a in what caſes n 
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Bee plate XI. bic is longer, But, as lach veſſels are not eaſi 
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with its alembic⸗ bead, is wht as A nt hs ce ach to be 
uſed. But the uſe of the alembic-head is attended with the double inconve- 
nience of a juncture to be luted, where i it is fitted on to the cucurbit, and 
another where the neck of the alembic j to the receiver: whence, as 


the luting is ſubje& to crack, ſome part of the volatile ſubject may, eſcape in 


the operation, whatever caution we take to prevent it. 
19. There is frequent oecaſion in chemi ry to pour back tlie ſeparat 


ted 


perators is cohobation, and by: Raracelſus, circulation: the effects 
whereof are very conſiderable, and. highly neceſſary. But upon obſerving, 
os by opening the veſſels and pouring back the liquors in the air, a great. 
2 x. the artiſts, hence, invented a glals veſſel, confiſting of a 
Wo and alembic-head,. with two tubes bending into the cucurbit again, 
ſo as directly to return the liquors. eas, To the head. back into the cavity of 
the cucurbit: and this veſſel cloſed at the top, the proceſs was 
thus ſhortned,, and loſs of the 8 prevented. The veſſel itſelf they call 
a pelican ʒ which is always the better, as the p pipe from the top of the alem- 
procurable, the end may 
be obtained. by a more ſimple apparatus, or by — a bolt- head with a long 
neck, into which the neck of another leſs phial is inverted, and the juncture 
well luted, after heating the glaſſes, and the ſubje& matter, ſufficiently to ra- 
rify the air, and prevent its burſting the glaſs in. the operation: tho? this. 
contrivance is ſubject to an accident from the liquor cooling at the top of the 
laſs, and 1 vets to the bottom; which may break the * And ſo much. 
Br cl AG ve | | 
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the 


ticles mig by the five 1 ＋ 
of the veſſel; whence it = that different lutings, are — — 
ing to the difference of the ſubjects to be diſtilled. 


Luting irt 2 When the ſubject is aqueous, linſeed-meal ground to ſine pow- 
ane and well mixed, or worked up into a {tiff paſte with the white of egg, 


By acetous and all volatile alkaline ſalts. But, this paſte will not anſwer in the diſtilla- 


_ 


makes a proper luting for the ſe: for, being applied to the junctures 
of diſtilling veſſels, it grows rer — arcs, it is 


enſily repabed by the application of freſn; which ſoon grows ſolid as before. 


But à paſte made of the ſame meal, well worked up with .cold. water, very 
welt anſwers the end in the diſtillation of all fermented: inflammable 


tion f mild acids, or acetous liquors z becauſe it ſoftens and diſſolves there- 
with, 8 u hr the furs cage, OSes; careſs, CLE 
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in water, till it begins to grow ſlimy, makes an excellent luting, by being 
applied and preſſed wet upon the junctures of the diſtilling . 

3. A luting that acquires a ſtony hardneſs, is neceſſary in the diſtilla- 
tion of the foſſil acids z as thoſe of vitriol, ſea-ſalt, Sc. which kind of 
luting, is called the 113 luting z and may be prepared from the 
calx of copperas and quick-lime z viz. by boiling the caput mortuum of 
. vitriol, in ſeveral of water, till it is thus thoroughly waſhed from its 

ſaline part, then drying the powder; and preſerving it in a cloſe veſſel. This 
powder is to be rubbed with an equal quantity of ſtrong quick-lime, and 
wrought into a paſte with the white of eggs, firſt beat thin; and this luting 
is immediately to be applied to the junctures of the veſſels; the veſſels being 
firſt a little heated. If it be not applied quick, it 5 dries to à ſtony 
hardneſs, fo as to be untractable z but, when properly uſed, it confines all the 
faline ſpirits, like glaſs itſelf. I prepare a luting for the ſame ſe, with- 
out much trouble, in this manner; viz. I beat pure ſand, potter's-clay 
together, in ſuch proportion, with water, till the matter no longer ſticks to 
the fingers ; then add one fourth part of common-lime, ſo as to make the 
paſte ſufficiently ſtrong : and the dryer this is applied, the better for the 
purpoſe, provided it be left ductile; for, thus it ns into an excellent 
cement, the cracks whereof, if any ſhould happen, are eaſily ſtopped up 
by the ſame. This cement is the more parable or cammodious, as the belt 
quick-lime is not often to be had. | * e A 

4. It is a great inconvenience in the ſtronger diſtillations with a naked fire, 
that when veſſels are violently heated, they are apt to crack, and fly to 
pieces upon opening the door of the furnace, and letting in the cold air, or 
throwing in freſh fewel ; whence, it is highly proper here, to defend the 
veſſels by a coating, from this ſudden impulſe of cold : and, this is frequent! 
neceſſary alſo, when the operation is performed in glaſs veſſels and a ſand- 
heat, if the fire be ſo ſtrong as to endanger the melting of the glaſs. The beſt 
luting, that I know of, for this purpoſe, is made by beatirig fat potter's- 
earth and powdered ſand, with water, into a well-wrought which will 
not ſtick to the fingers; adding thereto a little common-lime at the laſt, and 
beating them well together (4). Then the veſſel to be coated, being warmed 
and ſed to the vapour of hot water, that its whole ſurface may become' 
| wag this cement be | all over it equably with the hand; afterwards 
ſprinkle the ſurface of the coating with hot and dry ſand, and ſet the veſſel 
in a cool place, that the coating may dry ſlowly ; with care to fill up the 
cracks in the ſame manner, if any ſhould amen in the drying: and, if 
thus the coating be thoroughly dryed, the veſſel will ſuſtain the action of a 
violent fire, unhurt. | ne 


(4) There is another cement made uſe of by mixture of linſeed oil and ceruſe, made, by 
ſome chemiſts of London, to anſwer the ſame inſolation or decoction, into a perſectly white 
end; conſiſting of fifted wood-aſhes, beat up balſam, and afterwards ground upon a marble, 
0 in the white of eggs, wich freſh ceruſe, till the whole is perſectiy 
and a little gum- water. The fame ſervice may, fine, and become of the confiltence of an 
in a more excellent manner, be had as well for © unguent. w i 
cracked glaſſes' as broken. or the like, eſfectual. ia 
ſrom what the painters call drying oil, or a | 
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Several fur- I. Eno abt NG jb, « 60 6 enden n 35 
D, why but without defigning to deſcribe all thoſe required in metallurgy, 
bore omitted. vhich are not neceſſary to our purpoſe; Beſides, the incomparable —_— 
hath already admirably. treated this ſubject, in 2 pure Roman ſtyle. Glauber 
| Iikewiſe defcribes fome furnaces of # p lar mvention, for performing 
certain operations iti a ſhort manner. authors, therefore, may be oe 
falted. occaſionally ;. out prefent defign being only to ſhew the conſtruction of. 
"= furnaces retſtirect in our on particular courfe of 
Furnaces, © furnaces we underftand ſuch ſtructures as are capable of contain- 
* N hs eng and applying fire to veſſels, wherein the chemical ſubjects 
are to receive xe a&jon of fire z. whence every furnace requires, (I.) a fire- 
| herein the fire is to be raiſed, kept up, and determined. And as. 
attificiaf fire muſt be fed by fewel, a chimney becomes neceflary to diſcharge 
the ſmoke; as alſo an uſh-pit, to bie air; and kftty, a door, where 
the ſtwel is to be thrown in. (2.) In making of farnices, eure muſt always be 
 _ taken to preſerye the ſtrength of the fire, or not to waſte it in vain ; and 
tds, by cirecting it where it is particularly required. (3.) In building them, 
: _- place muff alſo he contrived, in which the veſſels, containing the 


my receive the ite degree of heat, for the requiſite time to 
nt nw Aud h "we have the conditions for building of 


— eie bn he W in Rüde Sick produces the 


1 with the leaſt expence, interruption and inequality ; and this 
teſt eaſe, fo as not to require the cotiſtant attendance of the o- 


he firſt. condition will be ſatisfied; a frirnace be fo built that 

188 raifed by the fire, may de: applied to the ſubjc@ without loſs ; 
which is obtained by making the furnace os the mot ſolid materials; and 
its internal ſurface, ſo as to determine the force of the fre upon the 
efigned. Such a fracture Inte wife will contribute, as much as pof- 


S a/ che eber Nh lying Freſh fewel. The ſecond 
condition is anſwered, by chufing fach a a ſhalt een ame the loweſt of 


any, yet afford the viſite deze e heat 4 and this is chiefly 

Erving «proper proportion in the dimenſion of the fire-place, 

and the air-draughts :- 1 being duly obſerved, ful hee 
tur fr long tne. he thi 
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leſs di of fire is diſorderly applied in the ſame operation; We . 
likewiſe, e know 


ſe, that an alteration in the degree of heat may ſo alter the ſubject, that 
it ſhall no longer remain the ſame with reſpe& to another degree of heat, 
that would otherwiſe have produced a determinate effect; which has often 
proved a pernicious error. 1 ond ld 8 vs | 
4. Hence, in the building of furnages, we muſt always regard, (1.) The 


quantity of fire which the fire-place - to receive, contain and ſupport. 
(2.) The matter of the fewel to be a b. the purpoſe. (3.) The degree of 
heat required in every operation; fince, in the ſame the ſame quan- 


tity of the ſame fewel may produce different degrees of Whence, (4.) 


the air muſt always have eaſy acceſs to the fire- place; and the force with 
which the air tends to the fire, under the form of wind or blaſt, ſhould: 
be computed. So likewiſe the various ſtates of the atmoſphere, with reſpect 
to weight, moiſture, heat and cold, ſhould be conſidered; for fire burns the 
fierceſt in weather, whilſt the · air is drieſt, and ſhewn by the barometer: 
to be the heavieſt. (5.) r the fire-place ſhould be principally. 
5 ed; for, if this be wide, the air here diffuſes, and loſes it ſelf; or acts. 
but little upon the ſubject, where its force ought to be collected. Theſe 
are the chief foundations required in the building of furnaces. | And this be- 
ing premiſed, I proceed to deſcribe the ſtructure of my own little furnaces, . 

ed in my courſes; being ſuch as are neceſſary forthoſe who would perform 
all the chemical operations. | | 


5. I ſhall begin with my ſimpleſt furnace ; which I invented forty. years 22. 
ago, when I practiſed chemiſtry in no large ſtudy, Where there was-only one =? 
little chunney, and where I required ſeveral furnaces at once. || Make a hol- 
low priſm, with a ſquare baſs, of ſound.dry oak, nine inches wide, aud fout- 3, 
teen high; fix into it a ſquare ran 06 wainſcot, an inch thick,.. five. inches x11 


from the baſis, ſo as thus to divide the furnace into two parts; the lower 
whereof, being five inches high, ſerves: for the ſire place; and the 3 


eight inches high, is to receive the retort, or cucurbit, for-diſtillation, This 


e of wainſcot, ſerving as a partition, muſt have a round hole in the mid- 
five inches over; where the round bottom of the veſſel is to reſt. Be- 


tec 
e, 


ies this krge hole in the pastition, thece muſt be ſour other round holes 


made in it, each an inch in diameter, that the fire. may riſe freely from the 
fire · place into the ſecond ſtory. On one ſide of the ſire · place, there muſt be 
2 door, going upon hinges, and equal in dimenſion to the whole ſide, or 
nine inches broad, and five highs {a as to open eaſily and ſhut claſe. | The 
whole internal ſurface of this fire · place mult be lingd with plated iron arcop-- 
NR the wood from the fire.! The door is to have four round: 
holes made in it, each of them an inch in, diameter, to admit the-external * 
airy and theſe holes are to be fitted with ſthur cylindricab Roppers, eaſy to 
take in and out, ſo a8 to * e the, ſtre, by admitting — the air. 
This door muſt be made of ſeaſpnod wood, and-contrived to ſhut entremne· 
cloſe, In the upper part of the furnase ae ide aboye the dont muſſ 
bave a, ſquare, hole cut in the middle co the top of. iti four int hes und 4 half 


ipally- 


over i, the inner edge. of which ia to he c on its 1 ; 


— 


e. 6 4 —- . ³˙ 


IF 


I | 


et the diſtance of an inch from each other. This iron rim of the grate muſt 
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half the thickneſs of the board, or to the breadth of half an inch; and to the 
-internal floping ſurſace about this hole, a plate of wood muſt be ſo fitted, as 
to make a joint; this being of uſe to ſhut the ſide of the furnace cloſe, when 
we defign to diſtil, digeſt, or exhale; in a cucurbit, phial, or evaporating 
glaſs 3 whereas the plate of wood being taken away, fits the furnace for di- 
12 by the retort. There muſt alſo be another ſimilar plate of wood, 
with a hole in the middle, two inches and a half over, ſo as to let the neck 
of a retort paſs through it, when fitted into the ſquare hole, inſtead of the 
former. A pair of folding-doo ſhould alſo be made, to ſerve as the flat top 
or cover of * Sevlrpn ; middle part of which doors muſt be cut into a 
-round- hole, of five inches diameter, to let out the neck of the cucurbit, or 
bolt head, uſed in digeſtion. In the laſt place, there muſt be a round, flat 
of wood, fix inches in diameter, to cover this upper orifice, when the 
is ſed for diſtilling by the retort. * en 

6. In order to work this furnace, we muſt bo provided of a ſquare, flat- 
'bottom'd earthen pan, ſtanding upon three feet, about half an inch high; 
the height of the pan being, from the bottom of the furnace to its up- 
rim, three inches and a half: at the bottom of this pan, a little ſifted 
muſt be lightly ſprinkled, a quarter of an inch thick ; then an ignited 
.coal of Dutch turf, fink burnt till it yields no more ſmoke, is to be laid upon 
this bed of aſhes, and covered by ſifting more of the ſame aſhes lightly upon 
it; whereby an equable, moderate heat may be — 4 up for near twenty-four 
hours. The leſs aſhes the burning coal is covered with, the more heat it 
ields, but the ſooner it 2 This furnace works without yielding any 
Timoke, or diſagreeable ſmell; and affords ſo gentle and _—_ a heat, that, 
1 believe, eggs may be hatched by it 3 tho” it may be raiſed high enough to 
make water boil, or higher : and — will commodiouſly, ſafely, 
and at ſmall expence, perform all kinds of digeſti and diftillations of a- 
and ſpirituous liquors, volatile alkaline falts, and volatile aromatic 
ts, or tinctures, exhalations, &c, I have even diftilled Glauber's ſpirit 
of nitre, and ſpirit of falt ; in this furnace z which is therefore a fit furnace for 

ſtudents 1 f 5 | | 
. If a furnace be required, capable n a ſtronger heat, ſo as to di- 
ſtil in ſand, I judge the beſt contrivance for a ent in the art, is the fol- 
lowing : and as furnaces are the moſt commodious, on account of 
— the chimney of 'the laboratory free, I ſhall here deſcribe one of the 
portable kind. Let a hollow cylinder be made of thin iron plate, ſeventeen 
inches in diameter, and nineteen inches high, the lower end to be cloſed, and 
the upper end let the bottom be ſupported with three iron feet, twelve 
inches long, 3 be covered on the inſide with a copper- 

plate, left the ſalt in the aſhes ſhould otherwiſe ſoon corrode the iron. 

2 be fixed in this cylinder, ſo that the upper ſurface thereof, being pa- 
to the baſe of the cylinder, may riſe four inches above it. Let the 
be ſurrounded with a flat ring of plated iron, three inches and 2 
broad. Let the bars of the grate be flat, half an inch wide, and et 


reſt 
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reſt upon three iron pins, ſticking out on the inſide of the furnace; to fix 
the grate. Let the aſh - placs be fitted with an iron-door, four inches high, 

- and fix inches wide, to move upon hi and ſhut cloſe. At the 
height of three inches from the upper ſurface of the grate, let the bottom of. 
the fire-place in; and make the whole fix inches wide, and four inches and 
a half high. Next, deſcribe an elli with the diſtance of fifteen inches 
between the foci, and a perpendicular of five inches, from the focus to the 
circumference; and make a wooden model of half ſuch an ellipſis, cut off at 
the foci. This model is to ſerve as a core, in forming the cavity of the fur- 
nace, by adjuſting fine brick-work, in correſpondence to the figure made by 
revolving ſuch a model about its axis; and thus leaving but little ſpace be- 
tween the joinings, to be exactly filled up with mortar. But before this is 
done, let a ſtopper be made for the fire-place,. of the ſame iron plate, and 
of the ſame cylindrical ſurface, and internal ſubſtance, as the furnace it ſelf: 
the outer rim of this topper ſhould over · ſpread the opening of the fire - 
place, an inch every way; whilſt the internal ſurface exactly coincides with 
the internal ſurface of the furnace, when the ſtopper is applied. The top 
of the cylindrical part of the furnace muſt be cut into a hollow, three 
inches wide, and two deep, on the ſame fide with the door; in order com- 
modiouſly to receive the neck of the retort, in diſtillation. Laſtly, an iron 
pot muſt be fitted into the upper opening of the furnace, and fixed ſo cloſe - 
and ſtrong, with brick and mortar, that the work may neither crack, nor let 
the fire eſcape ; but, near the upper rim of this pot, there muſt be left in the 
brick-work, four vent-holes, made in the form of creſcents, an inch over in 
their wideſt part, and two inches in their curvature, to diſcharge the ſmoke, . 
and make a draught of air to animate the fire occaſionally. And thus you will 
have a furnace fit for diſtifing by the cucurbit, - retort, or bolt-head ; , and 

i ble, it will alſo ſerve for many other operations. : 

8. The third furnace, which no laboratory can be without, is a Balneum The third 
_— made like the two — —— . _ the —_ from the ſur · Aurnaco. 

e of the grate, to the bottom of the cy lindrical copper · veſſel, is only eight IV. 
inches. Bat the copper-veſſel it E, 6 be-uſed fbr che kethramy a en. 
ed in brick-work at the top of the furnace, is twelve inches deep ; and in its | 
upper part has an horizontal rim, an inch wide, whereby it hangs, and is 
fupported by the furnace: and, above this flat rim, riſes a perpendicular 
edge, an inch high. To this furnace belongs another veſſel, capable of en- 
tring the former, without touching the ſides and bottom thereof by an inch; 
and rifing five inches above the breaſt of the furnace. This veſſel has a rim 
fixed on its outſide, eleven inches from the bottom; which rim turns alittle 
downwards, where it is broad enough to cover the mouth of the other veſ- 
ſel, ſo as to cloſe it by wrapping over it. On one ſide of this broad rim of - 
the ſecond veſſel, there is a pipe, thro* which water may be ſupplied to the 
— The neck of this ſecond veſſel is fitted to receive — ſtill- head, 

e pipe entring a pewter- worm, paſſing through a worm- tub, makes a 
proper appar dRilling in balnes Marke and thus likewiſe alcohol may 

„ by 


uſing the particular tall head above deſcribed, for . 
Ss 6 es es by” v0) 10 17; | Ou ” . 


—_— - Ce EY — — 


8 — — — 
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The fick-of-thels tO Felſtls mah likewiſe: he turned into a ſtill, by clap- 
oa an alembic-head, and with a worm, and its refrigeratoryt 
r any degree of hea 
np es tes ſrinniteg- and twelve. 11 

9. A fourth frarnaee ig, alſo. NN , to raiſe ae fr 
for the melting; of bodies bot faxſed!: the heſt furnace for which 
poſe, is thus made. ** a ſtong- ach be, built three Feet high, as, > bas 
whereon: to this\faranoe ſo that the operator may commodiouſly 
look into the ire whilſt heſtands eract; then make. an aſh-hole five inches 
high, upon this baſis, and over that fix in 2 conſiſting of iron - bars 
-near n inch thick, and ſet at about. an inch di from eac other. Let 
the bottom af the grate; and dhe aſh-hole, be of a clrular. of twelve 
inches in diameter, and build vp the cylinder fix inches above the grate; 
then raiſe upon it 2-parabelic-0one. wich an axis of eight inches and its lower 
.ardinate: of 1ix:; whenoe; the late rectum will be four inches and a half, and 
the uu one inch and an eighth of an inch from the vertex. Over this 
parabdlic cone uf fix inches, build a cylindrical chimney of three inches dia- 
meter, und two fort high. - In the front of the fire- place; two. inches above 
the-grate; make a door five inches wide 'and fix high, and arch it at top 
with the urt of a circle twelve inches in diameter. At the height of an 
S5ach above the arch of. the door, make a conical hole in the furnace, tuo 
inches wide on the outſide, chat the operator may look downwards into 
the fire, when any thing is melting dale ü re gs exactly fitted to 
this opening. The furnace muſt be built with n 
dr des er inches thinks the 999 — laid ſmooth, 
with cement : e ray 4 ogg ye mc a 2 violent fire, 
in its mi « upper part, 8 eafily appears m geome 
The iron · door muſt be made to ſhut very cloſe, by bei As hw 
niche left foe the grapes, is the Gle'of the farnace 1 and e bottam of the 

| 3 be laid with an ĩron- plate, to ſecure een ee. 
to fall 
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for-diftilling; the minetal acids, as thoſe of fea-ſalt, nitre, alum, vitriol, &c 
After ſeveral trials, I judge the following fitteſt for the purpole. Upon the 
pavement uf the laboratory, under the chimney, build up a ped 
twenty inches-broad in front, and thirty-eight inches long; let the cavity 
be twelve inches wide in front, and twenty-two inches long, Which gives 
the thickneſs of the wall; let the parallel eker, be raiſed eleven inches high; 
make a door-way in the middle of the riſing eleven inches from the 
ground and four inches wide, earipgan eu onthe ron of the furnace 
vo teteive a - door, and. let it in cloſe occaſionally, This 8 of the 
_ apparatus the al holg. and zir-vent of the furnace. Inftead 
6 hers: ——— wich, 2k and fourteen inches lo 
E with the breadth 2 aſh- 
ity, upon this parallelopi 


, en Rs 
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+ ten inches. Next let there be a cavity formed, of this elliptical figure, four 
inches and a half deep on the inſide; and complete the external part in a pa- 
rallelopiped form. In the front- wall, immediately over the aſh-hole, make a 
door-way to the fire-place, ſeven inches wide, and nine inches high; and let 
the bottom -edge of this door-way ſlope an inch and a half downwards, that 
it may be exactly fitted with an iron-door : let the lower line of the door be 
three inches above the upper line of the aſh-hole. In the other longer fide, 
there muſt be an arched opening, with its lower limit rifing ten inches above 
the grate, and being twenty inches long, and twelve inches high ; and the 
elliptical arch, with its foci twenty inches aſunder, and its tranſverſe dia- 
meter twenty · four. This opening is for the diſtilling veſſels to be put in, 
and taken out at. On the internal fide, oppoſite to this opening, at the 

| height of nine inches above the grate, a ledge, of an inch and a half, muſt be 

left, to ſupport the veſſels employed in the diſtillation ;z and in the middle of 

the upper part of this wall, there muſt be a ſquare hole, three inches 
wide, and two inches high, for the chimney. The upper elliptical arch 
muſt next be made; whole vertex is to riſe twenty-one inches above the 
grate, the axis of the ellipſis twenty two inches, and the tranſverſe diameter 
ten. Let ſuch an arch therefore be ſtruck, by _— ſuch an ellipſis a- 
bout its axis, reaching ſixteen inches from the grate. hen this furnace is 
uſed for diſtillation, two cylindrical, earthen long-necks, twelve inches high, 
and nine wide, having cylindrical necks five inches long, and three inches 
and a half in diameter, are to be placed horizontally, and parallel to each 
other; fo that their bottoms may reſt upon the ledge in the oppoſite wall; 
whilſt their mouths lie parallel to the opening they are put inat; which open- 
ing is now to be perfectly cloſed up with brick and mortar, leaving the necks 
of the veſſels ſticking out, whereto earthen pipes being applied, and their 
other ends fixed into receivers, the operation may be thus begun. This fur> 
nace will. raiſe a ſurprizing degree of heat; being, at the ſame time ſafe and 
eaſy to manage. It likewiſe directs all the force of the fire upon the ſubject 
to be diſtilled; and may eafily be regulated by means of the aſh-hole. 

11. The furnace for aflaying is ſo well deſcribed by Ercker and Agricola, Other furna- 
that we need not mention it here; and the common ſtill, with its worm, and = te 
worm- tub, is too well known to be inſiſted upon. So that here, at length, 
we finiſh the ſecond part of our undertaking. | (i 
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